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REVIEW AND COMMENT ON NEEDS AND REQUIREMENTS FOR
GROUNDWATER MODELING AT THE HANFORD SITE

CONSOLIDATION OF SITE-WIDE

In May 1996. at the Hanford Advisory Board (HAB) workshop there was a
recommendation to the U.S. Department of Energy, Richland Operations Office
(RL) to develop a site-wide consensus groundwater model for the Hanford Site.
RL's Site Management Board directed the Environmental Restoration Program to
lead the effort to provide the Hanford Site a Site-Wide Consolidation
Groundwater Model. In a RL letter to the regulators. stakeholders. and
tribes, dated July 28, 1997. RL made a commitment to initiate the site-wide
groundwater model consolidation task.

As a result of a number of meetings with RL, contractors, regulators, tribes.
and HAB in review of past modeling work the "Need and Requirements for
Consolidation of the Site-Wide Groundwater Modeling at the Hanford Site"
(Attachment) document has been developed.

Please review and provide comments by March 3, 1998. If you have any
questions, please contact me on (509)373-9626.

Sincerely,

R. D. Hildebrand. Project Manager
Groundwater ProjectGWP: RDH
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Executive Summary

In response to both internal and external recommendations, DOE/RL initiated a site-wide
model consolidation process, which is to include the participation of all affected Hanford
programs, to eliminate redundancies and promote consistency in groundwater analyses
produced for Hanford programs. The purpose of the model consolidation is to establish a
site-wide modeling process to foster 1) consistent assumptions in applications across
programs, 2) model enhancements based on new data/information and improved technical
capabilities, and~ijfthdel flexibility to address new program needs and decisions. As an
initial step iml ,!! 4he consolidation process is to provide a current Hanford site-wide
groundwatetiid tI'lb .on a consensus hydrogeologic conceptual model, a consolidated
database axditie selectiikpof computer codes to implement the numerical model developed
based- oInt consensus cduiceptual model that will meet near-term and long-term needs and
requirements of internal;issI external Hanford site stakeholders.

At Hanford, veveral gb.i*dwater rnadeling programs have developed among the three
major conintNisimibe Hanfadifission changed from special nuclear materials
production to eafi~l~mentalN. iji iThe Project Hanford Management Contractor
(PHMC) presently maintasais Mfose IAnd groundwater modeling capability in
support of active and plai'n:ip :osals fi:l*e 200 Areas and operational issues at the site.
Bechtel Hanford, In ......iiow.....y iains a site-wide groundwater model in support
of past-practice operaOient d cleanup activities. Pacific Northwest
National Laboratory (PNNL) pre$gitif~hid.intains groundwater modeling capabilities for the
site in support of the site-wide .... i*dwater monitoring program, and vadose-zone
modeling capabilities for a va4i if site and natiospa grams.

This report provides an initial asessment; p:ftetiSSi* requirements necessary to move
forward in the model consolidationfiio..2s:te reca..nided needs and requirements
were largely derived from a review 0h i*siarrenaet planned groundwater modeling
activities provided by representatives of majo riJu..n.ms including Environmental
Restoration. Waste Management, and Tank Wa i....iediation Sytiy&programs. Input
was also provided by involved Hanford Site conkitr represen &ikinm BHI, CH2M-
Hill. PNNL, Fluor Daniel Northwest (FDNW)j W--Wlte Man iti Fdigi Services
Hanford (WMFSH), Lockheed Martin Hanford CmpanyLMA ), andtwi.Obs
Engineering Group, Inc. (JEGI).

Based on a review of current and planned groundwater modeling aciities at the sitithe
following needs and requirements have been identified for the consolidated site W48:::u.
groundwater model objectives, the conceptual model and associated database I
computer code needed for implementation of the numerical model.

Consolidated Model Objectives: The consolidated site-wide grouidWtifer model
should be capable of being used to meet a variety of Hanford Site projtUk bbjectives
including the following:

* preliminary screening of sites for locating waste disposal facilities

* site performance assessments of proposed waste disposal facilities
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* assessment of environmental impacts involving the prediction of contaminant transport
and dose modeling for site-wide and local assessments

* design and evaluation of groundwater remedi ation strategies including natural
attenuation, hydraulic control/containment, and contaminant removal/cleanup.

* design and evaluation of site monitoring networks to predict fate and transport of
existing and emerging contaminant plumes, transient hydraulic behavior of the water
table and unconfined aquifer system in response to changing waste management
practices, enviOnmental restoration alternatives, or waste facilities end states, and
performa iundwater remediation alternatives

* risk asssmi ts.:

Consoidated Model toaceptual Model and Database Needs and
Requirements: The majorneeds and requirements for a consolidated site-wide
groundWager modeng, pf§gram with respect to the conceptual model are as follows

* A commof site-wide modeligiiwttase based on a geographic information system and
containing all the informglarinecessuryto develop parameter estimates for a model
should be used in aMnmd.j 5 applicens.

* This modeling database should l*baWdon a consensus interpretation of the available
data.

* The database and data interPotations should be mpdged as new data, on both the local
and regional scale, become available Tbt qbfngesdi parameter databases should be
maintained using appropriate configMincontro.ipr...edures to establish the pedigree
of all changes

" Any conceptual models that make additional siphfications to thl site-wide modeling
database should include adequate documentation to demonstt.i coMsistency. Such
documentation may include a list of assumptiws made, .,ei stifijjjdsn, and
comparisons with simulation results based orithe mostbti At and ceIjlex
conceptual model.

Consolidated Model Computer Code Requirements: The code selected iioj.
implementation of the consolidated site-wide groundwater model should provide t ..
following technical capabilities and characteristics. The code should be capaWiro f

* simulating two- and three-dimensional saturated, unconfined and n.rihed flow of
constant density water in an isothermal setting for either steady state or transient flow
conditions in order to be able to represent both current as well as expected future
Hanford Site states. For certain modeling applications such as the simulation of
remediation options for the carbon tetrachloride plume in the 200 areas or the evaluation
of innovative in-situ treatment technologies such as in-situ REDOX treatment
methodologies, capabilities to simulate the effects of variable density would be
desirable

iii



* accommodating the spatial variation of hydraulic parameters (hydraulic conductivity,
transmissivity, specific storage, storage coefficient, etc.) in three dimensions as well as
the three-dimensional geometry of the major hydrogeologic units. The code should
also allow anisotropic hydraulic conductivity values

* simulating flow and contaminant transport in unconfined and confined portions of the
Hanford aquifer systems

* simulating flo~w conditions at the scale of the entire Hanford Site with robust sub-
modeling .pab" Wy to facilitate the systematic transfer of attributes of the flow and
contamar f..s... model derived from the site-wide model for use in local-scale
mode g 5%sessnelt as appropriate

S. effectively simulating flow on a variety of time scales ranging from a few years to
IOS)00 years at both the scale of the entire Hanford Site and at the local scale

* simula jmgd mrnant fluxes i two- and three-dimensions as a function of driving
hydrologit pr&e'sses andmrastat;iport phenomena, including advection,
hydrodynamic dispersirn.ZOIecul'a'iiffusion, and adsorption

* representing geocwm ial retrdation using a linear equilibrium adsorption model where
the distribution coefficient (K4) depatids only on the contaminant and on spatial
position

* treating the effects of radfit&e decay. Anotr fmtrable but not required feature
would include the capabilityio analywz ia*ffts of ffmplex decay chains (for
example, the decay of uranium):

" efficiently simulating flow conditions only lrnnthmjnant transpqa based on previously
simulated flow conditions, or combined flow *mdrontamnantkulsport

* efficiently performing streamline (for steady-state condibin)and pic. (e.g. for
transient conditions) analyses in two- and three-dimwaisns

" Incorporating time-dependent and spatially varying boundary c6dions Thes. e
should be capable of simulating homogeneous and non-homogeneous Dinch i.
(constant head/concentration) and Neuman (constant flux) boundary condot'iVT'heTli
selected code should also have a prescribed approach for incorporationzuftii- and
space-dependent sources and sinks of water and contaminant

Administrative requirements for the selected code include the followi11g,:::-

* pre- and post-processing modules that allow the user to readily set up problems and to
understand results. In particular, the code should have the capability to provide outputs
that can readily used by its own pre- and post-processors or other available software to
graphically display the numerical grid discretization along with zone identifiers,
contaminant and water fluxes across selected boundaries and regions in the modeling
domain, and contours, spatial cross sections, and time histories of contaminant
concentrations
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* An effective model interface to a GIS such as the proposed site-wide modeling database
to allow the efficient specification of hydraulic properties, boundary and initial
conditions, and sources and sinks

* evidence of reliability including adequate documentation, verification against a set of
test problems relevant to Hanford groundwater conditions, and a body of model
applications that can demonstrate its technical, regulatory, and public acceptance

* availabihity Wrlbth internal contractor and external stakeholder use at a reasonable cost

* the rniAfcent versiiin of the code should be available, preferably the last one that has
been fu*Iy tested. Fw Codes that are well established, the use of a well-tested version
may Wutweigh the usc of a newer, but less tested version. The software should be
maintained under a quaity control program that documents modifications.

Savailabi y ety of ccmnnpwimonal algorithms and solvers to facilitate the efficient
simulationtff a Wide varicta of flow aMd contaminant transport problems and
capabilities to rnn on a vricty of computational workstations and platforms including
UNIX-based workstatons

* proprietary codes Will be consjdml if they provide an advantage over public domain
codes and only if the author(s)t stodian(s) allow inspection and verification of the
source code by DOE and it"tdiitractors. These inspections and/or verification reviews
may be required to assist DoE to rectify prQk .lesm.gjfuntered in application of the
code or in working with the &ode autbor(s. d.ielopichnical approaches for required
code enhancements.

* the selected code should be sufficiently WWJ &eamented and well supported by the
code developer to allow for rectification of t chnic1 difficulties AiiA arise in its
application to Hanford specific applications.:,.

Other Needs and Requirements: Other needs and requr#nr-x's that MWt be
considered in a site-wide model consolidation include thclfbwin.;

* development of a process to foster greater consistency in applications of grobmiiiker
models by various on-site programs

* site commitment for long-term maintenance and care of site-wide modltig capabiltis
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1.0 Introduction

In response to both internal and external recommendations, DOE/RL initiated a site-wide
model consolidation process, which included the participation of all affected Hanford
programs. This process will eliminate redundancies and promote consistency in
groundwater analyses produced for Hanford programs. The DOE/RL Site Management
Board (SMB) directed the Environmental Restoration Program to lead the effort. On Sept.
5, 1996, John W#.gf1er issued an RL Letter of Instruction to affected RL Programs, and
Site Contractors Th!"..with RL and contractor customers, tribal and stakeholder
participatioiflNNt Wiil idevelop and maintain a predictive Hanford standard groundwater
model A" ninlSetter ta tgulators and stakeholders dated July 28, 1997, RL also made a
commiiimet to initiate titrnodel consolidation process in FY 1998.

At H-nfr4, several grejndwvater modeling programs have developed among the three
major coiinactors sipct the Hanfordimission has changed from special nuclear materials
production in igyseintal restergi . The Project Hanford Management Contractor
(PHMC) prese ilylMaintainsav ii& e and groundwater modeling capability in
support of active and planned d sa*i*Ibhe 200 Areas and operational issues at the Site.
Bechtel Hanford, Inc., (BU yiej*sently rijiftains a site-wide groundwater model in
support of past-pract' ivoperabk i &iitiw i ations and cleanup activities. Pacific
Northwest National Iboratory tN4Ipftsently maintains groundwater modeling
capabilities for the site in supportidthi&fe-wide groundwater monitoring program, and
vadose-zone modeling capabilite iufbi a variety of site and national programs.

The purpose of the model conWjdation is to esta Jijjjii-wide modeling process to
foster 1) consistency in assumpidbns int.ma 4ppiinar#s.sprograms, 2) model
enhancements based on new data/irifigjn.iillid impimNfd technical capabilities, and 3)
model flexibility to meet and support:iiew. ...ggm and decisions. As an initial step
in FY 1998, the consolidation process is to pf iidJJe.* iriTent site-wikJ groundwater model
of the site based on a consensus hydrogeologic c.e ual modeldabse, and numerical
model that will meet near-term and long-term neid ihd requirerlitinrternal and
external Hanford site stakeholders.

In FY 1998, the scope of the model consolidation is to:tab1Iskg eib needs and$
requirements of a Hanford site-wide groundwater mod E2) evaldAiuitrrent.
interpretations, data, models, and codes, 3) make recommendations T6r consolidaij 4)
conduct review of recommendations, 5) document review and recommendationsj f *):.

initiate implementation of the recommendations.

Current plans also call for completing implementation of the site-wide p undwater model
and development of a multi-year program plan in FY 1999 to provideqidjiixied support for
the site-wide model from the years 2000 to 2005.

1.1 Approach for Model Consolidation

On October 27, 1997, RL initiated the model consolidation process with representatives of
affected RL programs and contractor personnel. An overview of the model consolidation
process included descriptions of the four major tasks:
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0 development of site-wide modeling needs and requirements

* technical evaluation of site-wide conceptual and numerical models

" recommendations for a consensus site-wide conceptual and numerical model and
computer code(s) to implement the consensus numerical model

* implementauixof the recommendations.

To facilitith developint of the needs and requirements summarized in this report,
program presentaives were asked to provide an overview of current and planned model
acti siti' . icluding identffiution of supporting planning and technical documents. The
documents identified provide the basis for summaries of current and planned groundwater
modelingecktvities dsddbed in section 2 of this report.

RL also consulied wi represenc kvsoidf the U. S. Environmental Protection Agency
(EPA), Washington State D0y0sment 6i..plogy, the Hanford Advisory Board, and
affected tribal nations thariimigd.ed the Nttierce Tribe, and the Yakama Tribal Nation
about the model consl.idiin...ess Altough RL was unable to meet with
representatives of the Confederated tribt, of the Umatilla Indian Reservation prior to
preparation of this draft report, R :is it' process of arranging a consultation about the
model consolidation process anda xpy of this draft report will be transmitted to them for
technical review and comment

To facilitate the technical evaluation of.site- i t numercal models and the
implementation of the selected comptet;0le~s), RL miends to conduct a series of
workshops with technical points of contic m interiiiprogram and external regulatory
agencies, tribal nations, and interested public Qtig @ikjr groups. The purpose of the
workshops will be to review and identify key diff EiWes in assunApffins and approaches in

* current site-wide model uses, including tern l and spatial scales 6Vahiated. scenaros
addressed, contaminants of concern assessed, etc .

* current site-wide hydrogeologic and geochemical mnerpretationsAiiid associated
databases

* existing modeling implementations and assumptions including the purps4 and scope nf
the implementations, the key assumptions, the limitations, etc.

Following the initial review of site conceptual models and numerical mode1 applications and
the computer codes currently in use, RL intends to have technical subject area experts meet
to evaluate key areas of differences and to present recommendations for resolution to the
larger group of technical points of contact (POCs) for review and comment. PNNL will
work closely with the POC group to collate and document final recommendations for site-
wide model consolidation. The scope of recommendations will include discussions on the
following topics:

* current site hydrogeologic interpretations
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* current site hydrologic conceptual model for groundwater flow and contaminant
transport

* selected computer codes and related software,
* development of parameter databases and their implementation of numerical models

* a process for ensuring consistency in modeling applications performed on site

* a process for long-term maintenance and care of 1) recommended hydrogeologic and
hydrologic databases, 2) model parameter databases, and 3) site-wide model(s) and
computer code:.

The developediteaimeodations will be presented for review by an external peer panel
(early MayjW9YandtP internal and external stakeholders by mid to the end of May 1998.
Commernmr d suggestions solicited during the review will be evaluated and to the extent
possible&Wikl be incorporaed into an RL document titled, Requirements, Review, and
Recommendations for a Csolidated Site-Wide Groundwater Model for the Hanford Site,
by August 30, 1998.

Following reviEw-Of *erecompmndattons for model consolidation in the May 1998 time
frame, RL willinate the imnpliMen.aien of the recommendations. The proposed date for
completing implementatio tonslidated site-wide model, including the development,
calibration, a, itio a e ..:mentai d::is currently planned for July 30, 1999.
However, this proposed dtet may i*ed te-b:tevised based on the recommendations and
resulting scope.

1.2 Purpose and Scope Of Report

The purpose of this report is to docunadfie i assesm ent of needs and requirements
necessary for site-wide consolidationrd.W water eeling. These needs and
requirements are based in part on an initial revtw oftefient and future groundwater
modeling activities being planned by the Environm triaRestorationWaste Management,
and Tank Waste Remediation programs at the H6mfbr*d Site. Theaidsand requirement
also reflect input collected from external stakehegjr includin U.. EPAWashington
State Department of Ecology, the Hanford AdvoF.y Board;aadiRWo of tlu itkected tribal
nations (the Nez Pierce Tribal Nation and the Yakama TrklbaifaIi). Reprsentaves of
the Confederated Tribes of the Umatilla Indian Reserv i9mvwill Iici&sulted and sked to
participate in the model consolidation process.

The remainder of the report is separated into two sections organized in the followmg.
manner:

* Section 2.0 provides summaries of current and planned groundwarmrdeling
activities of major program areas at the Hanford Site, includig thi eIvironmental
Restoration, Waste Management, and Tank Waste Remediation System Programs.

* Section 3.0 provides a summary of site-wide groundwater needs and requirements
necessary to achieve the objectives of the model consolidation process
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2.0 Current Groundwater Modeling Activities

The following is a brief review of recent and current groundwater modeling activities that
have been undertaken by the major programs at the Hanford Site. The information
presented is organized by major program areas (i.e., Environmental Restoration, Waste
Management and Tank Waste Remediation System programs) and was largely derived from
meetings with representatives of RL programs and site contractor personnel and review of
related key technical documents. In performing this review, a conscience effort was made
to limit groundw*iksigodeling activities to those completed within the last three years (i.e.,
since 1994). eview of past groundwater modeling, for the most part, is focused
on those nidi.tlhaies completed since 1994.

2.1 (alProjects iitthe Environmental Restoration Program

Followhl As a review f ject activities that have used groundwater modeling to support
major objdei.s for;& :.vironmwwl Restoration Program. These summaries reflect
informationijii nVq*jir"yRL techjijd' oject managers and contractor personnel from BH]
and PNNL. Thi flildeling acqd#-'s'r swifarized include those associated with the
following key activities wsthm Iii&ER program

" Development of ti Hanford Sidr-Wi*e Groundwater Remediation Strategy
* Remedial investigation / feasi.ity smtdy of the Environmental Remediation Disposal

Facility
* Design of Interim remedisi mmasures in the 100.and!200 Areas
* Assessments being done untdr the Hanf!rd.GiI dwaiir Project ncludig

" Monitoring network assdssjffis
* Impacts on Drinking Water Systsiand 4rjndwater Uses from existing

contaminant plume transport
Composite Analysis being performed in res o the Defens. NjkJear Facility Safety
Board recommendation 94-2

* Hanford Remedial Action and Comprehensiitand Use5Enfonmenlditipact
Statement

The following summary focuses on groundwater modeling being dote to suppott.
evaluation of groundwater impacts and does not specifically discuss risk assessmnT
methodologies being used to support cleanup of soil contamination at many CFCs.
in the 100 and 200 areas. Much of this type of remediation work at the Haqfmd.Slte has
been supported with the implementation of a dose assessment methodololiiw..mmended
for deriving site-specific soil remediation guidelines called RESRAD d R.pfd at Argonne
National Laboratory (Yu et al. 1993).

2.1.1 Hanford Site-Wide Groundwater Remediation Strategy

Site-wide groundwater modeling has been performed to assess groundwater remediation
alternatives, to support planning and implementation of remediation alternatives, to support
risk assessments, and to evaluate the impact of changes in the groundwater flow field.
This particular modeling activity is summarized in detail in Law et al. (1996) and
Chiaramonte et al. (1996).
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Geologic and hydrogeologic conceptual models were based primarily on a synthesis of data
and information presented in previous studies. The conceptual model involved defining
properties and spatial distribution of the major geologic units in the Ringold and Hanford
formations and defining the surface of the basalt bedrock.

Recharge to and discharge from the unconfined aquifer were based on previous studies.
Recharge was assumed to occur from the Cold Creek and Dry Creek basins and not from
the surface or from the confined aquifer. Discharge to the Columbia River was modeled.
Artificial rechargo frPm site operations was based on available reports.

Hydraulic coti0tisik.!yid data from aquifer tests reported in previous studies were used.
Scaling fr .ib. pump aesi point measurements to the areal values consistent with the
groundw ater umerical ihel was done with the EarthVision software.

Twelve nmerical codesH(Piie evaluated for use in the site-wide groundwater modeling.
The VAM3DCG code Wiselected because 1) it uses a robust set of solution algorithms, 2)
the original 4evelogil-lsia well-kn expert and was available for technical support, 3)
the code effkj..i.iyiifillates up iIj&I aquifer conditions, 4) the code allows the use of
transitional eleiients to refi iwiim aMqW.l grid over specific areas, and 5) the code can be
used to model unsaturated74ik problenm

Grid sizes were chosen blancu ro.qiom accuracy) and required computational time.
The initial grid choseit model 6rumd. flow and tritium transport used uniform 600
m by 600 m elements (18,277 naiat):and required about five hours of computational time
for a 200-year simulation (usi GI Indigo 6000 computer). This grid proved to be too
coarse to model smaller contastlIi. t plumes and dim tmw.Was refined in the 200 areas to
have 150 m by 150 m elements. All elementsi m i jM nfa#Oil plane were rectangular (or
square). 200-year simulations with th ij ,84ndes) required approximately 23
hours.

Six elements were used in the vertical dimens i -for the pre-Missoula/Hanford
formation and three for the Ringold formation. Efrmrmnt size varidifiwi .5 m to 20 m.
The vertical elements were deformed (non-rectalgnir) to mawhthe.o'r6iiiims of the
hydrogeologic formations. Hydraulic properties within each di& two 6ii jons were
vertically homogeneous. ..... .

Hydraulic conductivity and porosity varied spatially in i& horizontAT difection.ijnA
assignment of conductivity to elements was based on observed aquifer test data
Conductivity was isotropic in the horizontal direction. Vertical hydraulic condug wibna
were set to one-tenth the horizontal value for each element.

Calibration was carried out by adjusting assigned hydraulic conductiviti 'ihing for the
steady-state flow field, and comparing the model results to the averagCiWK01. level
measurements from 1976-1979. Transient flow simulations of 14 yearsWere also carried
out during the calibration, with comparisons of the hydraulic head field during 1988 and
1993 also used to evaluate the numerical model. Finally, a simulation of tritium transport
was carried out for the same 14-year period to further evaluate the calibrated model. Tritium
concentrations from 1979 were used as the initial condition The mean residual was
calculated for the calibrated model using water level measurements at 124 wells.

The calibrated groundwater model was used to predict water table elevations and
contaminant transport for several key contaminant plumes (tritium, iodine- 129, uranium.
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technetium-99, nitrate, carbon tetrachloride, trichloroethylene, and chloroform) for 200
years using 1995 data as the initial condition. Initial sources in the 100 and 200 areas were
modeled. The only sources of future releases of contaminants considered during the
simulations were for tritium, which considered releases from the Effluent Treatment
Facility (ETF), and for carbon tetrachloride, which considered releases from the 216-Z-9
trench. Limited sensitivity analyses were carried out to provide some estimate of critical
parameters and the effect of uncertainties. For those contaminants that contribute to risk,
an estimate of cumulative risk was made using the industrial and residential scenarios
defined in HSRAM (DOE/RL, 1995d).

2.1.2 EnviroMtOtal Restoration Disposal Facility

A remedig tigatit f.asibility study (RI/FS), described in DOE/RL (I 994b), was
compdewi| J6xamine th-iim.pacts of construction and operation of the Environmental
Rest...i.i Disposal Fa c.iy (ERDF) located in the south-central part of the 200 Area
platavi:.The purpose of.lti.RI/FS was to support the goals of the Tri-Party Agreement for
the reidValof contain J ts from portions of the Hanford Site (including near the
Columbia R6&tisisjii*ily maruwr4 allow those remediated portions of the site to be
released for *rpi :id; uive u .

The ERDF was proposed Pjie t"eeivin4g&ility for wastes generated by remediation of
the Comprehensive Eni i5ntsi Respo&6pse Compensation, and Liability Act (CERCLA)
past practice units at tlgianford$itk; i jIf4isposal facility is expected to receive only
remediation waste which are exp i& ..sis. sit of hazardous/dangerous wastes,
polychlorinated biphenyl (PCB). .I.it, asbestos waste, radioactive waste, and mixed waste
(containing both hazardous/dw.ij..is and radioactive..wste). A large portion of the waste
in the ERDF are expected to dtig6iaite from are4# molumbia River where operable
unit records of decision (RODs tike expegL0 tiiq#it axcvation and removal of large
volumes of remediation-generated w i she&ERDF4

As part of the RI/FS, a fate and transport modu a *reloped to predict groundwater
concentrations at the ERDF boundary. Model piiititd concentratrni&:were compared to
1) Hanford site background concentrations to ide .. ontami t.4i.sluld exceed
background and 2) were also compared to risk-, de minitNi0ceni ons to develop
a list of contaminants of potential concern. ........ .......

The time frame of concern was 10,000 years, so a I 0,0*-year tra -hame conz~aiyt was
also used as a criterion for identifying key groundwaterontaminani; Thus, se.
contaminants having a travel time in excess of 10,000 years were not considered fiy
groundwater contaminants. ..............

This analysis used a fate and transport spreadsheet model that was devel '6-4 "iepresent
hydrogeological conditions of the ERDF site, the physical and chemical"j.. .erties of the
waste form, and the fate and transport properties of each contaminant ti6ituent. The
estimation of these parameters relied first on the ERDF-specific informafion and then on
Hanford Site background information, when available. Saturated zone parameters included
1) the average hydraulic gradient estimated at ERDF (0.0035) from water table conditions
in December of 1991, 2) saturated hydraulic conductivity of the uppermost aquifer (30
m/day) estimated from pump tests results from wells near the ERDF, 3) an assumed
saturated zone porosity of 0.30, 4) saturated zone density of 1.6 kg/L, and 5) a saturated
zone mixing depth of 5 m.
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The methodology described above and summarized in more detail in Appendix A of
DOE/RL (1994b) was used to evaluate in more detail the various alternatives considered in
the RI/FS including: 1) a no action alternative and 2) a series of alternatives focusing on
specific design characteristics associated with the- implementation of the ERDF. The latter
set of alternatives considered the impacts of implementing various combinations of liners,
low-infiltration soil barriers, RCRA-compliant barriers, and the Hanford Protective Barrier.

2.1.3 100-Area Remediation Activities

A number of m ... activities has been carried out recently in the 100 Areas to support
focused feas& iystidis and interim remedial actions. The activities briefly summarized
here inclu ...

numerical simikation of strontium-90 transport from the 100-N Area liquid
* * waste disposal Ncilities (LWDF's)

* niu,4jom ii efe N-Sphiip barrier and pump and treat system

e f dibility ii he 100-H, 100-D, and 100-K areas

* design of the intit rmediak .tion for the 100-H, 100-D, and 100-K areas.

2.1.3.1 100-N Area. tNFSiuifng

Strontium-90 transport was simulaWpd;n rffie 100-N Area to estimate the effect of the LWDF
on the future water quality of thqinmofined aquifer at the shoreline of the Columbia River
Connelly et al. (1990. This irnilisd estimating dpst.W)r a no-action alternative. Water
levels were expected to change&gjNen the cessatig dingges to the LWDF.

....... ...............
VAM2DH was used to simulate a t i cr ection of the unsaturated and
saturated zone. A similar study using tNemsamitodejgfibeen previously carried out for the
100-N Area (Lu, 1990). PORFLOW-3 was usetd.iititlate flow andtransport in a three-
dimensional domain consisting of the unsaturate4aii& and the unggflmd aquifer.
Reasons given for using both models were compfitwe with inh tinvii lopment and
maintenance procedures and previous use at theiHaford SiteI!T &POR fL.W-3 modelused a Cartesian grid with variable grid spacing an a total iimhof 34,8. des

.... trid cells (32
by 34 by 34 grid cells).

The Columbia River was modeled as a constant head boundary that Was allowed to 'aVy
over time according to the observed seasonal change in river elevation. The bot*iav ...
model domain was a no-flow boundary, representing the upper mud unit of th&Thrikdgold
formation. A small, constant flux was applied at the top boundary to represoithng-terni>
average recharge of 5 mm/yr. The remaining three sides of the domain .wAr'etdt&nstant head
boundaries, with the head values set to result in a gradient across the:4datMiof 0.00095,
the observed gradient in 1964 (the year discharges to the LWDF begadril->The discharge of
water and strontium-90 from the LWDF was based on available data. Discharges were
estimated for those years with no data.

Since the model explicitly simulated flow in the unsaturated zone, moisture retention
characteristic parameters were required. These were estimated from ten soil samples
obtained in the 100-N Area for this purpose. Parameters for each of the samples were
estimated using a curve-fitting program. Parameters from the sample judged most
representative were used in the numerical model (i.e., the unsaturated zone properties were
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homogeneous). The average saturated hydraulic conductivities were estimated from
previous studies. Horizontal hydraulic conductivities were taken to be ten times the vertical
values. Hydraulic conductivities were assumed to be homogeneous within the Hanford
and the Ringold formations.

Effective porosity of the vadose zone was based on the moisture retention of the
representative soil sample. Effective porosity in the aquifer was based on a previous
study. Specific yield and dispersivities were based on literature values. The diffusion and
distribution coefficients were based on previous studies of Hanford sediments.

Calibration usisgtiUflow model compared simulated and observed arrival times of a
conservativeigiih. ::water table elevations in July 1969. The only parameter adjusted
was the hydii ity condtjvity. The arrival times and the water table elevations could not
be simutltnequsly matcli" y varying the conductivity alone. The conductivity value
chosen fcirse in the simiitwion was a value between that matching the arrival times and
that rnaihing the water tAb. elevations.

Calibratiotd Of the splkHldransport iii.l compared the simulated and observed
concentration dirzmihtium-90 arJi is in 1974. The parameter adjusted was the
distribution coeffiient. A lage ie &I* iis parameter was applied over a thin layer (0.68
m thick) beneath the stronoigii9tsourceara to represent potential filtration of particulate
strontium-90 by a sludgtl)itjKiffilIOhe calibjibn simulation was carried out from 1964 to
1974. although therMe# io sos-- t wend- i" for strontium-90 over the years 1964-1972.
The limitation of this calibration s recognized.

Results from the model were sh...i.as plan and cross-setional views of the water table
elevation and the strontium-90f b-6entration. Tr i were also shown. The
simulation was carried out froff41964 (the..s... .N.to the LWDF) to 2020.
Strontium-90 concentrations at the d flux into the river were used to
calculate doses.

2. 1 .3.2 Evaluation of N-Springs Interim Remed Aton

An additional model of the 100-N Area groundwater was dto eva the ability
of proposed interim remedial alternatives to limit the fli f stron'6x .90 into d Qolumbia
River ( DOE/RL, 1995e; see also DOE/RL ,1996a). Th&-altemative5sd&nsidered&. u*t
barrier wall, with and without a pump and treat system.

Two codes were used in this modeling activity. Flowpath was used to mode J
dimensional groundwater flow in plan view. PORFLOW was used to moqiH*4 flow and
transport in cross-section. Both codes use the finite difference methodb i:ifhnodels
looked at saturated flow only (i.e., flow and transport in the unsaturaidNiS.e were not
considered). Both models used Cartesian grids with variable node spacihtg. The plan-view
model based on Flowpath used 1334 nodes with cell size varying from 25 feet by 25 feet to
1000 feet by 500 feet. The cross-sectional model based on PORFLOW used 5100 nodes
with cell size varying from 0.25 feet by 2 feet to 1 foot by 2 feet.

Steady-state flow conditions were assumed for both models. Although the daily and
seasonal variation in the Columbia River stage was acknowledged, it was assumed that the
presence of the barrier wall would lead to steady-state conditions in the region of concern.
The head along the river boundary was set at the mean yearly river level from automated,
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hourly measurements during 1993, taking into account the measured downstream river
gradient. A no-flow condition was set along the vertical barrier wall. For the plan view
model based on Flowpath, the top and bottom boundaries were no-flow (i.e., recharge and
discharge to/from the confined aquifer were assumed to be nil). Sensitivity of the model
results to a non-zero recharge was examined. The remainder of the boundaries were
assumed to be constant head boundaries with individual nodal head values determined from
an interpolated map of March 1994 water level measurements.

For the cross-sectional model based on PORFLOW, an assumption was made as to how
high the steady-sta water level would be in the presence of a vertical barrier wall. This
assumption wa . .on the results of previous modeling. The water level value arrived
at was applidU e.lbiifti radient boundary for those cases in which a barrier was used.
Top and batlwitournidgM.s were no-flow as was the down-gradient boundary representing
that porLi... Uthe aquif&finder the river.

The tn ort portion of, fthcross-sectional model based on PORFLOW used constant
concenxr jian boundari:4verywhere. Initial conditions for the transport set the relative
concentraii nonWl0iV.. top 2Qtd.of the aquifer and to zero elsewhere. The transport
boundary an on previous reports that strontium-90 is limited
to the top of thiinconfineda - .

All parameters were as in6 t% .patia omogeneous. Only the Ringold formation
upper gravel unit and K ipper iia n*Pir~e modeled. Horizontal hydraulic conductivity
in the gravel unit was raken as the!vir ,alue from six aquifer tests in the 100-N Area.
Vertical hydraulic conductivity wli&ake as one-tenth the horizontal value. The
conductivity in the mud unit w$ an from the literature for a similar soil. For the mud
unit, conductivity was isotroW'ilsl but one casqtiki. ii.0 sensitivity analyses were
conducted by adjusting the hyditilic condui f Jit: ...e model.

Thickness of the unconfined aquiferU.w..X.ned toi6kf&bi6nstant and was based on existing
data. For the cross-sectional model, thie dist tiiidpntisfficient for strontium-90 was
determined by assuming a retardation factor 0 .... ed on prevAi.s studies. No
explanation was given for the source of the bulk .....ty and effw&ciwpjrosity values. For
the cross-sectional model, the longitudinal disp!i0N'ity was s"; j' ofl !. pproximately
one-tenth the size of the grid cell. Transverse di~ffsivity wa at one-tw:hthe
longitudinal value.

A number of remediation alternatives involving vertical barrier waiff- differe ths
and various number of pumping/injection wells were simulated with the plan vie del
Strontium-90 concentrations at the river were estimated from calculated travel wieisa
interpolated initial concentrations. The extraction wells were found to have aiiwial'iffldit
on the flux of strontium-90 into the Columbia River. The effect on stronlsidm* flux frdi
varying the position of the bottom of the barrier water (from 1.2 m intoaWi Nd unit to 0.6
m above the mud unit) was examined with the cross-sectional model: ::":;:

2.1.3.3 Bank Storage Modeling at 100-N Area

Previous modeling studies have been conducted at the 100-N Area to estimate the release of
strontium-90 from groundwater to the Columbia River (Lu 1990; Connelly et al. 1990;
DOE/RL 1995e, 1996a). All of these previous studies, except for Connelly et al. (1990),
assumed a constant head boundary for the Columbia River based on the annual average of
the river. Annual, seasonal, and daily changes to the Columbia River's stage are cyclical
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and modeling the river on an annual average may not adequately describe the interaction
between the Columbia River and the groundwater system at the 1 00-N Area.

A recent report by Connelly, Cole, and Williams (1997) documents modeling results from
a recent application of a two-dimensional cross-sectional model of the Columbia River,
unconfined aquifer, and vadose zone in the 100-N Area. The model, based on the
Subsurface Transport Over Multiple Phases (STOMP) code ( White and Oostrom. 1996.
1997; Nichols et al., 1997) was used to simulate the interaction between the rise and fall of
the Columbia River and the unconfined aquifer and the capillary fringe directly above the
water table in the:100-N Area.

The cross-sedfi6 used consisted of 10,286 cells extending about 400 meters
northwest -Wi 199N4:07. Grid cells varied in size from 0.5 by 0.5 m at the vadose
zone s - :"face to 3 yi0,5 meters away from the vadose zone seepage face. Of the
10,286 tt*d cells modele:3585 cells lie above the Columbia River bed or on the land
sufa

The stratigt 4yg.u 4he mod liIwas based on geologic data from boreholes drilled in
the 100-N A W"lhtWo major b 0eEologic units considered included the Hanford
Gravel and the kihigold Unit;Mliis ! variably cemented pebble to cobble gravel with a
fine- to coarse-grained sau4nfii fx. Thei vettical sequence modeled ranged from an
elevation of 125 m to EiffIpg47 meter where the base of the model was assumed to
be the top of the Ring6ld Mud uir.c

Boundary conditions assumed inj4bm model were as follows:

" The lower boundary on tijtiiM of the Rinpkt Mu4ULI.j;. was assumed to be a no-flow
boundary. ... *

* The upper boundary was set to a natural rectarg 4Tue of 2 cm/yr.

* The right boundary of the model was set at uiiilw in thes Nit ij and to a time-
dependent constant head boundary, which WinIaried on ip hourlyl bns based real-
time water level data recorded for well 1 995N67. gi~!

* The left boundary in the river was set as a no flow boundary

* Nodes on the river bed were set to a time-dependent constant head boundw based p
real-time river stage measurements made at the 100-N Area river mon tNhg station

Initial estimates of hydraulic conductivity and porosity were developisldtsed on aquifer
tests and soil analyses collected near the 1301-N and 1325-N facilities. Estimates of the
unsaturated zone hydraulic properties were also made using available information on
hydraulic conductivity, particle density, specific storage, porosity, and the assumed van
Genuchten curve fitting parameters. The estimates of hydraulic conductivity and porosity
were varied to calibrate the model to transient observed water level measurements in wells
between the Columbia River and well I 99-N-67.

A 125 hour transient simulation was used to develop initial conditions for a four-week
period of simulation. During this period, the model was used to simulate the transient
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interaction of the Columbia River and the unconfined aquifer in one-hour time steps.
Because of the large volume of data generated by the simulation, the modeling results were
summarized in an innovative time-series animation of river stage and aquifer head
fluctuations during the period of simulation. This animation was used to display changes
in water travel times in the riverbank and water flux calculation to and from the Columbia
River due to both bank storage and regional groundwater gradients.

Results of the modeling demonstrate that the variation in Columbia River stage has an
impact on the near river unconfined aquifer system. A comparison of transient and steady
state water particiitracking analysis showed that consideration of the cyclical transient
conditions of Ai* ran increase water velocities over velocities calculated for steady
state conditibikiW ii.mass calculations also demonstrated the importance of bank storage
in calcularM iteal wa Jfinovement from the unconfined aquifer and the Columbia River at
100-N:AiWin"foth of thla factors need to be evaluated in the final design criteria for
reme .i .1technologiegdrhnsidered along the Columbia River at the 100-N Area.

2.1.34 !Fgused Feas lkyir Studies in the 100 Areas

Focused fesil tk!gifdies at t.il. R-3 and 100-KR-4 groundwater operable units
used groundwaterflow and tij~kih ii :;eling to compare remediation alternatives for
chromium contamination§ . modeligiiutivities are described in DOE/RL (I 995a, b,
and c). The modeling *0l#oti tiknded 10| used for design purposes or for quantifying a

' ' .. : ......... ..... ....measure of remedi.... . ctisss rsgyiliny Separate models were developed for
each of the areas withifthe two ojdit1Wits. MODFLOW was selected for flow
modeling based on its ability to si ate unconfined flow on a desktop computer. MT3D
was used for transport becausp i.ell documented and interfaces with MODFLOW.

Natural recharge was assumed to occur ata Nls(5 tk;y In the 100-H area, however, a
recharge value of 7.3 cm/yr was use& k4 5I kfn proded a better fit to water table data.
it was assumed that there is no hydri6 d"uitMunicjAh between the unconfined aquifer
and lower layers, that the contaminants are uikUyft :J ixed throughput the aquifer depth,
and that there is no source of chromium in the :is::.ted zone. Tlod Columbia River was
modeled as a head-dependent flux boundary wi change in 4 the river over the
length of the model. Steady-state flow was mod

. . . . . . .... ... .......

Elevations for the bottom of the model were derived frorn':ii it ion of ontoured
borehole data. Conductivities were determined in a csiiiiffon tisingthe stead tlae flow
model and matching water table data from 11/16/93. fN'. the 100- IA- a modej apingle
layer for the aquifer was used. The hydraulic conductivity was uniform except WAtiimted
area around a set of four wells. For the 100-H Area model, a second layer repie iue
Ringold formation was added to improve the calibrated fit. Different conductAnizi awerej-:
used for the two layers of the model representing the Hanford and the Rigip.li-brmations.
For the river, the bed thickness was assumed to be I m. The conductiviYOdhe river bed
was determined in the calibration. The River Package in MODFLOWN.WUUused to model
the river.

A sensitivity analysis of the 100-D Area transport model was performed to gauge the
sensitivity to porosity, dispersivity, and retardation. A calibration of the 100-H Area
transport model was performed by adjusting model dispersivity, retardation and porosity.
A table was provided listing the parameter values used in the calibration runs. Observed
chromium concentration data from October and November 1992 was used to evaluate the
calibration. The parameters resulting in the lowest mean error were used.
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Various modifications to the basic model were made to simulate each of the remediation
alternatives, including the modification of conductivities (to represent a barrier wall) and the
location and pumping rates of injection/discharge wells. Simulation times varied from 14
to 21 years.

2.1.3.5 Interim Remedial Action Desipn in the 100 Areas

Additional model&-i.were developed of the 100-HR-3 and l00-KR-4 operable units to help
determine the ptitlient of new wells and the use of existing wells to support the pump and
treat interimng - iMR*Oton, and to estimate extraction/injection rates for design (ERC,
1996; DQE(R l 996f-i) The MicroFem code was used for this design study. This code is
a two-di. ibnal finiteiglment flow simulator with built-in pre- and post-processing and
autor iig&i-diangular) mtikbgeneration. Stated reasons for selecting this code were the
abilitiget high-resoluti grids around pumping and injection wells, use of the finite
elemnentitthod, capab~ilito model transient and steady-state conditions (flow), and the
generatioii:f gaphicatmitput

The Columbia River was ass iuki.lob E ne of the boundaries for the 100-H, l00-D, and
100-K Area models. The-iW eas modciWd as a constant head boundary with the river
stage known and constaint tff*,The fluIthrough the river boundary was calculated as
the product of a vert idrcNsistan .weaikhe river and the aquifer and the difference in
head between the riveriage and : if. The 100-H and 100-K Areas were felt to
have no natural boundaries so thetikdelfboundaries were located far from the wells to
minimize boundary effects. No4NA#Pboundaries were adopted approximately
perpendicular to the river and sowij9tant head boundaied~itre used parallel to the river. The
constant head boundaries werejgi4ce along.1b.. tmiji.@O4ydraulic head contours from
water level measurements. For the 1Q"i*At .ede14 istant head boundaries were
used. These boundaries were baseIi"Wdi *' dg:e o .....harge across natural boundaries
and on a water table map of June 1995. Th6:....o.... i dary was set to the Hanford and
Ringold contact for the 100-H Area model and 0 tep of the uppe mud unit of the
Ringold formation at I00-D.

The model parameters required were transmissi, porosit aquiferl*igkness. In all
cases the aquifer porosity was assumed constant. For tb.].1OO-t rca modd:a constant
conductivity was assumed based on the average valueIbaj.ifer tjbsults. ANjiikjable
aquifer thickness was assigned based on interpolationgtif water le diiata and:hfitW!iPs
Hanford/Ringold contact data. Transmissivities were therefore spatially variablUN!iBPL
Calibration was conducted using a steady-state flow model and comparing predid5iCand
observed heads for 1/94 to 8/95. The resistance term between the river and tUe u uifer was
varied.

For the 100-D Area model, aquifer thickness was assigned a uniformwWW because there
was insufficient data to support a spatially variable thickness. Transminivity was based on
a weighted average of the Ringold and Hanford formation conductivities, which were
average values from limited aquifer test data. Weighting was by the estimated thickness of
the Hanford and Ringold formations. Calibration was conducted using a steady-state flow
model and adjusting the constant head values at the boundaries and attempting to match
water level data from 6/93 to 5/95.
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For the 100-K Area model, thickness and transmissivity were assumed constant.
Conductivity was based on limited aquifer test data. Calibration was similar to that used for
the l00-D Area model.

Steady-state flow fields were calculated for the 100-D and 100-K Area models. Five-year
transient simulations were carried out for the 100-H area. Streamlines and capture zones
were calculated for a number of pump and treat scenarios (different well placements and
injection/extraction rates). No simulations of contaminant transport were conducted, but
concentrations in the 100-D Area were estimated based on the flow model results.

2.1.4 200-Ar .R.. ediation Activities

A capnti .ne analysistit the 200-UP-I and 200-ZP- 1 groundwater operable units has
beep camd out. These iitdeling analyses are described in WHC (1994);see also BHI
S996a,). The stated objtives of this study were to evaluate alternative interim remedial

actions, t*Basess refmiin@nts or expansions of interim actions, and to help choose a final
remedy. Addtinl spetific objecuives. were to assess impacts of changes in the water table
elevation, to evaju#tt Well confirti'.e for the pump and treat, to design and evaluate
monitoring networks, to eval dm I yrau control and containment, and to predict
contaminant transport pat fas nd traveines.

The VAM3DCG com ter code wps s... td for the following stated reasons. It was being
used for the site-wide modeling and iiis ihe 200 Area results could be more easily
integrated into the larger scale mqdi iThe finite element method used by VAM3DCG
allows for non-rectangular elen.FWiand boundaries VAM3DCG's use of transitional
elements allows for a fine gndfidarnd wells and &.arse jtid in areas with less steep
gradients. The pseudo-soil fun5ton usedPiroVAM3DC~prhvides an efficient means to
approximate the water table conditiomvsnd.. VhA3DCG-ht been approved for use on the
Hanford Site.

The final three-dimensional grid used to model te 20DWest Area hAi9,383 elements
ranging in size from 600 m to 9.5 m in the horizoa QkdirectionTh . a3i iial dimension
was made up of six elements, equally divided oer the depth oh * &e inc l ied aquifer at
each node location in the horizontal plane.

The water table elevation as measured in June 1993 was :ed as the imal condi.t... The
bottom boundary and the boundaries along Yakima Ridge and Gable Butte wer.:i- w
boundaries. The remaining side boundaries were held at a constant head, with hegdPiVies
based on the June 1993 water table map. Artificial recharge from site operation&,n !
applied at appropriate locations, but the natural recharge was assumed to be;--To ......
represent the conditions in 1976, a large artificial recharge was applied to :tiii kiler of the
200 West Area model and a steady-state simulation was performed. Thigib~jnbdy-state
solution was used as the initial condition for transient solutions in whidifii artificial
recharge was gradually reduced. Recharge fluxes were based on previos studies.

Hydraulic conductivities were assigned based on a previous study (Connelly et al. 1992b)
modified by more recent data. Where data did not exist, average values were used.
Conductivity was uniform in the vertical direction except in a region where the aquifer
becomes quite thin. Four of the elements in the vertical direction were made inactive in this
region to avoid computational difficulties. Conductivities were isotropic in the horizontal
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plane. Vertical conductivity was assigned a value one-tenth the horizontal conductivity. A
spatially uniform effective porosity value was used in the travel time calculations.

The transient simulation (with decreasing artificial recharge) used the steady-state
simulation results as an initial condition for 1976. The simulation results were qualitatively
compared to the June 1993 observed water table. Significant differences in the predicted
and observed heads were noted, but no boundary conditions or parameter values were
adjusted to provide a better fit.

Capture zones usmg .one pumping and one injection well were calculated for various well
locations and for jiime up to 150 days. In addition, the uncertainty in the spatial
distnbution afihydraib:conductivity was recognized and a single simulation was carried
out in wh .. wellS.r.e located near a boundary between a high conductivity and a low
conduc .. t-byne. The **pture zones were found to change drastically.

2.1.5 HRA/Land Use EIS

The Hanford Xk dia] Action 4sditmprehensive Land Use Environmental Impact
Statement (DOE 1996a) w#so: to facitate the change in Hanford's primary
mission from production ofp ---ear mateials:for national defense to environmental
restoration and long-W rW mitIIgment of wpstes. As part of this transition, the DOE must
determine the optimuikdise of HWnkndSitw1lnds, facilities, and resources and how these
lands and facilities should be remedatrcdto allow for beneficial future uses. As a transition
to the new mission, the Richland&nv.ronmental Restoration Project Plan was developed to
provide information about the.niiWion needs and objectips, technical planning, project
schedule, and resource plannimgcessary for m1dtiotiof past-practice waste sites and
surplus facilities . ..:.....

The role of the EIS was to document, il-&*ibbc foriim, the process of determining the
best combination of potential land uses, remedwahion heefits, and rerpediation costs.
Through the EIS, the DOE responded to the neea lf

* evaluate the potential overall cumulative impetis from impltmentmgtle kchland
Environmental Restoration Project Plan, including cog ian

* ensure that site-wide future land-use objectives are&bcnsidered daing the seiectwn of
remediation methods

* develop a comprehensive land use plan for the Hanford Site in accordan.. wlth DOE
Order 430. 1, Life-Cycle Asset Management

* identify the irreversible and irretrievable commitment of natural resriices necessary to
implement the Richland Environmental Restoration Project Plan.

As a part of this EIS, environmental consequence analyses were performed to evaluate the
potential impacts of various land use alternatives. The future land-use alternatives
considered are described as follows:

* Unrestricted Land Use. Residual contamination does not preclude any human
uses; however, access or certain uses might be controlled for other reasons, (e.g.,
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physical hazards, cultural resource protection, habitat protection).

" Restricted Land Use. Residual contamination precludes some human uses;
restrictions could apply to the use or disturbance of surface soils, subsurface soils,
surface water, or groundwater.

* Exclusive Land Use. Potential health risks due to residual contamination would limit
use and require strict controls on access. Use of the area would be limited to the
management of. radioactive and hazardous materials and similar and compatible uses.
Control of.tlPMikpa would be maintained by the DOE. Exclusive-use areas would
include p :around active facilities.

To supportth human heath impacts of consequence analysis of these alternatives, an
appwadwas developetfitat combined individual waste sites into groups and integrated

the effects of potential r.e.ses to the environment. This was accomplished by grouping
waste stes by medium (edg., soils, groundwater), then aggregating the waste sites into I -

km2 (O.4-i) Qels ini g.id overlaidon the Hanford Site. The potential contaminant release
and transport in.'fkie envirgimfrom each I -km2 (0.4-mi2 ) cell was estimated using
the MultimediWEivironmenthWghtsiitAssessment System (MEPAS) computer model
(Droppol99 ), which wa ..iWped 13 V' PNNL. Modeling results from multiple cells
were combined to estimd~isi kentamingitponcentrations in the soil, groundwater, surface
Water. and air to whidhjinafildingcal.. qdl receptor might be exposed. Source-term data
were compiled from the-Waste ii .t.i.i D ata System, Solid Waste Information
Tracking System (SWITS), and W1% Mdnvironmental Information System databases,
and from field investigation repiithnd other sources, when applicable.

The risk to a given receptor wie termined by4 se quantity of contaminant
transported from a source to thatrecp*.;.N44R1Sk s were simplified by separating
the computational process into discrttuggag. Th i odules include the source (waste)
terms. contaminant transport mechansms, & !&pisure ditiarios, and the variables used to
calculate risk or hazard index from a given explwtpe. !The MEPAS model was used to
estimate risk.

To facilitate the transport analysis using the Mm S codet fl'"*..ths w..M..culated
based on December 1992 flow conditions (the mdst currentiipiffsbted by i4i" model). It
was assumed that those flow conditions remained conrsifor tihOisiiation df 1iparticle
tracking. Particle paths were started at elements that :0itained celT§.resentingiiSwaste
and tracked until they reached a model boundary. Straight-line apprdkimations uidbe flow
paths were then used in MEPAS to describe the travel paths from waste sites.

To generate path-lines for input to MEPAS, the unconfined aquifer at the...Md. Site was
simulated with the two-dimensional version of the Hanford Site ground&ii!iwiWodel
(Wurstner and Devary 1993). This model is based on the Coupled Phlititnergy, and
Solute Transport (CFEST) (Gupta et al. 1987) groundwater code intefited with an
ARC/INFO database of site properties. The model is used to support work for the Hanford
Groundwater Monitoring Project.

The commercially available geographic information system (GIS) ARC/INFO has been
integrated with the CFEST groundwater modeling code (Cole et al. 1988; Gupta et
al. 1987). A series of ARC/INFO macro routines and FORTRAN utility programs have
been developed to create an ARC/INFO-CFEST interface. For example, an ARC/INFO
macro may be used to select elements that represent starting points for particle travel
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analyses. A FORTRAN utility program would then generate a command file used tc
execute the CFEST travel path module. Another ARC/INFO macro has been written to
create a triangular irregular network surface from CFEST output from which contour maps
can be generated. Additional ARC/INFO macros for grid generation and parameter
assignment are being used in support of the three-dimensional model development under
the Hanford Groundwater Monitoring Project.

2.1.6 Hanford Groundwater Project

Groundwater mdmjlpg is being used to actively support key objectives of the Hanford
Groundwater Piftl4 which include 1) to identify and quantify existing, emerging, or
potential groiJdwti "quality problems and 2) to assess the potential for contaminants to
migrate front.he HanfWid Site through the groundwater pathway.

TwQ reccflt specific assessments related to the Hanford Groundwater Program that have
made 0flensive use of gtxitdwater modeling include

* Predictedkmpclef future wit kvel declines on site-wide monitoring wells
... ....... .....

* Development of a three-dibisional.DOundwater model and its application to
evaluating the impas if iis.mg conUm'inant plume migration on Hanford Site

...........drinking water stesndgsndar use

These two groundwater modelin ..... s are briefly described below:

2.1.6.1 Predicted Impacts ofFutire Water-Level Dedlii s on Site-Wide Monitoring Wells

In this study conducted in 1994 (WtaWirmi' reshle [994), a two-dimensional
groundwater flow model based on tIi, .. T code wasbsed to evaluate the impact of
declining water levels on existing monitorimgmWlls mlinbe unconfined aquifer. The model
was used to predict water-level declines in selectivd~lls i the areas (100, 200m
300, and 400 Areas) and the 600 Area pg

This early analysis using the two-dimensional siiW6Pide modeshowed tQigtilhe effect of
declining discharges at the Hanford Site will be o6bservei&&I MWNrQnfined jquifer for
several decades to come and that a large number of obta "tion weok are expeqlgtitto be
impacted.

2.1.6.2 Evaluation of Impacts of ExistinE Contaminant Plume Migration on ..n..rd te.
Drinking Water Systems and Groundwater Use

A three-dimensional numerical model of groundwater flow and transpejtibased on the
CFEST code, was developed for the Hanford Site to support the Hanfdfd Groundwater
Project managed by PNNL (Thome and Chamness 1992, Thorne et al. 1993, Thorne et al.
1994 and Wurstner et al. 1995). The model was developed to increase the understanding
and to better forecast the migration of several contaminant plumes being monitored by the
project.

Recent modeling efforts have focused on continued refinement of an initial version of the
three-dimensional model developed in 1995 (Wurstner et al., 1995) and its application to
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simulate future transport of selected contaminant plumes being monitored in the aquifer
system. This version of the model was updated using a more current version of the
CFEST code called CFEST-96.

In this conceptualization of the unconfined aquifer system, the lateral extent and
relationships of the major hydrogeologic units of the Ringold and Hanford formations were
defined. Contacts between these units were identified at as many wells as possible. These
interpreted areal distributions and thicknesses were integrated into EarthVision, a three-
dimensional visualization software package, which was then used to construct a database of
the three-dimensio.al site conceptual model. The resulting conceptual model contains nine
hydrogeologic il aove the uppermost basalt. A brief summary of each of these units is
provided inflbl 1

Prior tor4i0ducting simuid~ons of contaminant transport with the three-dimensional model,
a prfwtidskteady-state, tvwc3dimensional model of the unconfined aquifer system
(Jacobsi!and Freshley 900) was re-calibrated to 1979 water-table conditions with a
statistic1iitierse methodliplemented in the CFEST-INV computer code. The results of
the re-cali a vim risf ds to refiajitfe three-dimensional conceptual model and to
calibrate it witWW iptualiza i&- Rpreserves the two-dimensional hydraulic properties
and knowledge of the aquifeqi sib -di nsional properties for the same 1979 water-table
conditions.

The transient behavilofthe thr-darnoMeli1al flow model was also calibrated by adjusting
model storage propertieS (specific yiY .49idIfl transient water-table predictions
approximated observed water-tabaiikvations between 1979 and 1996. Following the
steady-state and transient calibrtialin, the three-dimensinal model was applied to predict
the future response of the waiex:jle to postulateAi"n Hanford operations............ ...... .. iHafropatns

.................
Over about a 300-year period followia 7htiovon o.*4#tewater discharges to the ground
at the site, the water table predicted by: -ijIW&d significantly and returned to near
pre-Hanford water-table conditions thai wereisigidi 46 exist in 1944. Over this period,
model results showed that the water table will dd1i8iPi4 uch as I I ximMthe 200-West Area
and 7 to 8 m in the 200-East Area near B Pond. hejreas that wiiUi icted to be
different from the estimated 1944 conditions incihdd: 1) the:a!ie sfi1!~i e 200 Area
plateau, where higher predicted hydraulic heads8..ect bounwd)f Ionditi nIshat consider
the effect of increased irrigation from areas up-gradient afiWfej.spd regm and 2) the
area north of Richland, where the model considered th4*: a lic fit. of theJ.:
Richland well field.

Flow modeling results also suggested that as water levels drop in the vicinity of .."
areas in the model, the saturated thickness of the unconfined aquifer greatly d giiUes L.:1.
may eventually dry out south of Gable Mountain along the southeast extc ili!f the
Gable Butte anticline. This phenomena would cause the unconfined aqi.id.the north
and south of this line to become hydrologically separated. As a resulE!AK&W paths from the
200-West area and the northern half of 200-East area which currently &idend through the
gap between Gable Butte and Gable Mountain may be effectively cut off in the future. In
time, the overall water table, including groundwater mounds near the 200-East area will
decline, and groundwater movement from the 200 Area plateau will shift to a more west-to-
east pattern of flow toward points of discharge along the Columbia River between the Old
Hanford town site and the Washington Public Power Supply System facility.
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Table 1. Major Hydrogeologic Units Used for Three-Dimensional Model
Developed by PNNL

Unit

Number Hydrogeologic Unit Lithologic Description

Hanford formation/ Pre- Fluvial gravels and coarse
Missoula Gravels sands

2 .. Palouse Soil Fine-grained sediments and
eolian silts

.3 Pho-Pleistocene Unit Buried soil horizon
containing caliche and
basaltic gravels

4 Upper Rrngold Mud Fine-grained
fluvial/lacustrine sediments

5 Middle Ringold Semi-indurated coarse-
graied fluvial sediments

. Middi IUasold Fine-grained sediments with
some interbedded coarse-
grained sediments

7 Midi Rngold Coarse-grained sediments

8 Lower Mud Lower blue or green clay or
mud sequence

9 Bast! Rmgold :iFluvial sand and gravel

Area plateau. Each of the transport sbinulation .s ar d on the predicted future transient-
flow conditions, and a high-resolution, fiite-eennddesigned...resolve transport
calculations in the areas of current and future conipmina tion.

............... .. . ........ :::..

Projected future levels of tritium suggest that watr supply ejislin the 4 at the Fast
Flux Test Facility (FFTF) and emergency water suipply wdflIin ftr:200-Eitr area will
continue to be impacted by the tritium plume onginatinfiom th6&W.East Arg fia the
next 10 to 20 years. Tritium levels at well locations in: 400 Area:ijd 200-ESiArea are
expected to remain above the 20,000-pCi/] level until sometime between 2010 and2M)j
After that time, tritium will continue to decline to below 500 pCi/, at some time cn.
the years 2070 and 2080. Model results suggest that tritium concentrations ...n &miid j&:.
the 300 Area in excess of 2,000 pCi/] will not reach the North Richland wticfd

Transport analysis suggests that only water supplies in the 200-East Aa;&uid be
impacted by elevated levels of iodine- 129. Model-predicted levels of i dme-129 suggest
that, within 20 to 30 years, iodine levels in excess of I pCi/ originating from the 200-East
Area would be found about halfway to the Columbia River. The iodine-129 plumes
originating from 200-West Area will be expected to migrate slowly toward 200-East Area
but model results suggest that levels in excess of I pCi/I would not reach 200-East Area
within 30 years.

Projected future levels of iodine-129, technetium-99, uranium, and strontium-90 show that
none of the identified water supplies on the Hanford Site, including those in the 200-East
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Area near B-Plant and AY/AZ tank farm, will be impacted by future transport of these
contaminants.

2.1.7 Composite Analysis

In response to Recommendation 94-2 of the Defense Nuclear Facilities Safety Board
(DNFSB), DOE has directed field sites to include in site performance assessments an
analysis of the impact of other radioactive sources that could add to the dose from active or
planned low-level waste (LLW) disposal facilities. In response to this, an initial composite
analysis of the LigWifrd Site was initiated in FY 1996 and is currently being conducted as
part of the HeptiniL .indwater Project. This composite analysis is focusing on the 200
Area centralilnteIP OWaise of the variety of LLW facilities (e.g., 200 West and 200 East
burial g~giw 4:LW frtb tank wastes, and the ERDF trench) impacted by the DNFSB
reconui ii.Mions. A dr'document summarizing this initial assessment is scheduled to
be cl i&ted by March 51 1998

As a paitoftbis effoqrtFNNL staff have been working closely with representatives of on-
siteprgnd scremifrsources that could potentially interact with
contaminant§f.ifiRhford INW disal facilities. Inventories of radionuclides that are
expected to contribute to thL-.44ed di.sl have been established for each of these
sources. Forecasts of relias s. *:ifj-Jhe aquidi.rfrom major EM-Program Facilities (200 West
LLW Burial Ground 2Eai -iJOlj~al Grd~is, ERDF Trench, and the low-activity wastes
from the TWRS Progigii)have ... inb.f Forecasts of release to the aquifer from
pre-1988 wastes from EM-30 or EM9iN ' W grams have been generated from reviews of
inventory records. Forecasts of x]MIes to the aquifer from residuals assumed in tank
farms, commercial low-level reAid6iive waste facilitieN:iquid discharge facilities (i.e.,
ponds, cribs, and ditches), regiijls:k assumed in sW fimsfacilities, and graphite cores
from nine production reactors htie alsobcogr w modeling strategy
was developed to identify the scenaxkiwinli'rama"4be modeled, the sources and
radionuclides to be included, and thety.esd5ii.delsiU *e used for calculating both the
releases to the water table and long term flowYa.t ii ...4 ort simulations in the unconfined
aquifer.

............................
The scope of the groundwater pathway analysi ch is baed ethib dimensional
groundwater flow and transport model developd'by PNNi*the HAiJOd.d
Groundwater Project, is to assess dose impacts for thesgtik tit port of istqg plumes
and from future releases of contaminants in the 200 Aiea.. The tria.Qrt analyfjw
examining the transport of these current and future contiminant plurtiA from prsdtay
conditions to about the year 3000. The hydraulic basis for these future transport iditons
was developed by using the three-dimensional model to simulate transient flowtdiiijf
the unconfined aquifer in response to anticipated reductions in Hanford wasw j4i1r
discharges in the near future. Model results show that the water table wukW-TMWh near
steady-state conditions within 100 years; final steady state would be rea-di-y the year
2500.

Forecasts of concentrations of key radioactive contaminants simulated in the transport
calculations provide the basis for final dose calculations using standard dose conversion
methodologies and exposure scenarios and parameters identified by the HSRAM (DOE/RL
1995d). Dose impacts from the existing plumes and future releases of contaminants are
being assessed in the area outside of the waste management exclusion areas and the
surrounding buffer areas established by the Future Site Uses Working Group. Potential
dose impacts to the public after site closure in 2050 for four potential exposure scenarios
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derived from HSRAM (the agricultural, residential industrial, and recreational exposure
scenarios) are being evaluated.

Because of the large uncertainties anticipated in current estimates of waste inventories. final
end-states of many LLW disposal facilities, and the future releases of contaminants to the
aquifer from the variety of potential sources in the 200 Area plateau, this initial composite
analysis is being viewed as a first iteration that will require revisions and refinements as
records of decisions and end-states of facilities are negotiated under the Tri-Party
Agreement framework. The next iteration of the Composite Analysis is currently planned
to be conducted stbting FY 1999.

2.1.8 C6.1 ba Rivpr Comprehensive Impact Assessment

Tose'.4gste the impact t aije Columbia River from Hanford-derived contaminants, the
DOE2 S. EPA, and thffWashington State Department of Ecology (the Tri-Party
Agreeiiintagencies}.i ited a study referred to as the Columbia River Comprehensive
Impact AssMsi RCIA). Th*ktddress the concems about the scope and direction of
CRCIA as welJi:i4Mliaince repg *iflhbal, stakeholder, and public involvement, a CRCIA
management team, compose EyregWsiiaives of the Confederated Tribes of the Umatilla
Indian Nation, Nez Pier .Yakami1idian Nation, the Hanford Advisory Board,
Oregon State Departagt-dy te; Party agencies, and Hanford contractors was
formed in August 199

The CRCIA, under agreement a"fg the CRCIA Team, was conducted using a phased
approach. The first phase of." 8iIssment included4.iw components: 1) a screening
assessment to evaluate the potfi il impact to h !Mtili ng from current levels of
Hanford-derived contaminants lit order tao ptdrqiios on iterim remedial measures
being conducted in areas along the rid 2a defiiiifii of the essential work remaining
to provide an acceptable comprehensi:iti'hen.paci Nsessment. Both components of the
CRCIA were completed and published in DOLI1WS.V. Of relevance to this effort is Part
2 of the CRCIA report, which described the requni givts for a futiit olumbia River
Comprehensive Impact Assessment. A brief syrjsPgj of these i ments, as they apply
to site-wide groundwater modeling, is provided.li.16w.

In Part 2 of the CRCIA report, several specific requiren s w e..9scribedT
assessment should include analysis of contaminant trai:;it throuz e vadosa.be and
in groundwater and determinations of travel times to and concentrati is of coniai'Frnaats in
the Columbia River. In addition, the uncertainty in these quantities must be assel d..i
Chemical and physical characteristics of the contaminants must be considered,.iihid .. he
dependence of these characteristics on soil type, groundwater chemistry, andikt eseni::s
of other contaminants. Radioactive decay must also be included where

The CRCIA requirements express a concern for the spatial variabilityi giMoundwater influx
to the Columbia River, whether through seeps, springs, or the river bottom, and the effect
localized hot spots of contamination might have on river biota. In particular, groundwater
influx locations must be identified and the expected contaminant flux at these locations
estimated. This requires an understanding of the interaction between the river and
groundwater and a spatial discretization that provides a realistic representation of critical
points of exposure.
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A number of scenarios are required to be examined in the CRCIA analysis. These includl
modeling the groundwater recharge rate in such a way that the impact to the river from
Hanford is maximized. Similarly, dilution of contaminants in the groundwater should be
modeled to maximize the impact.

CRCIA requirements include an explicit, quantitative evaluation of the uncertainty in
predicted impacts. This includes considering the uncertainty in the timing and magnitude of
predicted peak concentrations. An explicit, documented definition and validation of model
structure and the parameters used are required. When local-scale models are used, they
must be consistendy integrated with the larger-scale models, including the use of consistent
boundary condti;nawd the maintenance of conservation laws across scales.

A comprd esve anaysis required for CRCIA. A suggestion is made that this can best
be accwplishied by peifming successive, iterative analyses using progressively more
refind mvdels In all cases the analysis must include the dominant factors contributing to
dose/isk, the analysis rmsthave an acceptably low level of error, distortion, and bias, and
the uncertinty in preditors must be quantified.

The CRCIA trnEibflts also mpe. a number of software requirements on the design,
implementation, and procuremetol coats. These include code verification and validation,
testing, and review

2.2 Waste Management

Following is a review of prjeaCtViities that have usodgroundwater modeling to support
major objectives for the Wast NAnfagement Progtwt These summares reflect nformaton
provided by RL technical projebtmanage& iid rontwrpersonnel from Fluor Daniel
Northwest and Waste ManagementdfiMSr'ies lHfwfrd. The modeling activities
summarized include those associated wii;:.'

* performance assessments of solid waste buriJrtih0ds i the 2QUEast and West areas
* permitting of liquid effluent facilities includjng the state-aprovd ..uid Discharge

Site associated with the ETF

* solid waste environmental impact statement

2.2.1 Performance Assessments of Solid Waste Burial Grounds in IND
Areas

Since September 26, 1988, performance assessment analyses have been requatjdby DOE
Order 5820.2A to demonstrate that DOE-operated waste disposal facilitig..tiitaining
DOE-generated low-level radioactive wastes can comply with perfornsaIiei2'.bjectives
quantified in the order and summarized in Table 2. Two separate perfAdince assessments
(Wood et al, 1995 and 1996), that have included use of groundwater modeling have
recently been completely for new solid low-level waste disposal facilities located in the 200
East and 200 West areas. The following is brief description of the scope and specific
groundwater modeling activities carried out to support these analyses.

The performance assessment of the 200 East Area low-level burial grounds (LLBG)
examined the long-term impacts of LLW and radioactive constituents of the low-level
mixed wastes (LLMW) disposed in waste burial areas in two locations: 1) the active 218-
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Table 2. Performance Objectives Used in the Performance Assessments of the 200
Solid LLW Burial Grounds

Exposure Pathway Time Period (yr.) Performance Objectives

All pathways less than or equal to 10,000 25 mrem/yr.

Drinking Waterwfmsim. less than or equal to 10,000 4 mrem/yr.

E- 10 .Wiaf ground and adjacent burial grounds in the northwest corner of the 200 East
Area aid42) the active 21&-E-12B burial ground and adjacent inactive burial grounds
located i The northeastCtfhMier of 200 East Area. A separate analysis was included to
examine the imipactifreactor coq rtment wastes disposed of in trench 94 of the 218-E-
12B disposal fciliytow-level weptEs. disposed in active and inactive burial grounds
before September 26, 1988, wene i .t .d sidered in this analysis.

The performance assess Mtt of ik 200 West Area low-level burial grounds (LLBG)
examined the long-teritnipacts §tL!jW: i&adioactive constituents of the LLMW
disposed in several actiVE waste bidiai :W*s!situated along the west boundary of 200 West
Area. Burial grounds consideredi 6 he analysis included 218-W-3A, 218-W-3E, 218-
W4C, and 218-W-5. Low-leve*iiWas disposed in retired or inactive burial grounds
before September 26, 1988, (2- W-2, 218-W-4A4IlW..-4B, and 21 8-W- 11) were not
considered in this analysis.

To address the performance objectives:iit*i-iq grou!.M.ater contamination, two
groundwater exposure scenarios were consideid, Qwrtcenario consisted of an all
pathways exposure in which 1) radionuclides am ltufied from the sisposal and are
subsequently transported by infiltrating water thrut the vadoseqtb t the underlying
unconfined aquifer, and 2) an individual drills ai that draws onandiii' d water for
drinking, crop irrigation, and livestock producton:, and a do iceived by ngeston of
contaminated water, crops, milk, and beef, direct exposur0 W4 Qgammia-produc-mg
radionuclides in soil, and inhalation of contaminated &stjkThe seco:d.exposuw scenario
involved a drinking water scenario where only ingestio6 f contaminctd water irthe
unconfined aquifer was considered.

The conceptual model of the analyses by Wood et al. (1995 and 1996) focused an
incorporating two general processes that fundamentally control projected C.g itrations of
radionuclides released from the LLW disposal facilities in groundwatei#..iirawn from the
unconfined aquifer from a downstream well: 1) the total radionuclide isj"nflux being
leached from the disposal facility per unit time and 2) the dilution that &6urs as the
radionuclide activity mixes with the volume of groundwater determined by the regional
flow characteristics to flow beneath the facilities. To represent these processes, Wood et al
(1995 and 1996) assumed that the waste volume representative of the total wastes disposed
in the LLW facilities could be approximated by a three dimensional rectangular box
projected onto a two-dimensional plane oriented parallel to the general direction of
groundwater flow.

23



The numerical representation of this conceptual model was established in a two-
dimensional cross-sectional model based on the VAM3D-CG code developed by Huyakorn
and Panday (1994) that extended from the disposal facility to the uppermost 5 meters of the
unconfined aquifer. The position of the water table in the cross-section was estimated
using the site-wide model developed for use in the performance assessment (see appendix
E of Wood et al., 1996). The model was used to estimate steady-state post-Hanford site
conditions underlying the various LLBG areas.

The radionuclide release modeling results for the representative two-dimensional cross-
section were extra.ated to different waste volumes and waste inventories. The following
points are key of the extrapolation process:

* The cms-sction azj~ited parallel to the direction of flow and the downstream receptor
weapE.Wii n the same ambe. Given these constraints, all activity released from the

;Iy reaches the wmtui table and is captured by the volume of groundwater that
pisse beneath the ftimgjty and ultimately intersects the downstream well. Thus, the
radioinilide conc.!sttion in ther water withdrawn from the well is proportional to both
the ntegrtsed.". ; "e~timg acressithe entire trench floor and the volume of groundwater
into whictiecohntaminantg. i r:eieased

* The integrated flux. is d!&fmWBed by th0 selected release mechanism. Three conditions
were considered itfre ft s.e in hinalysis icludig

* advective releases whar the radionuclide inventory was uniformly dispersed
throughout the was&Pe dlbme and was released by the infiltrating rainwater. In
this case, the integAd flux is proportina .[fl4e radionuclide inventory and
infiltration rate and iinsensitive tohke ~wbse of release.

* solubility-controlled releaiseIiitw1igl cheMIi.. conditions impose a constant
concentration in contaminated watt'lkewig ihe facility. In this case, the flux is
not proportional to the inventory; it is plpmional to the-assumed radionuclide
concentration, the infiltration rate anrte waste areaovt VJpch the release is
occurring.

* diffusion-controlled release where radionuoIW 1 redeasiAs are conrf.jled by an
assumed diffusion coefficient. In this casefei integratifdfux is prpltonal to
the inventory, the area-to-volume ratio of individual contamhers, and the
diffusion coefficient.

* The volume of groundwater that mixes with the radionuclides releasedcc jie water table
is proportional to the linear dimension of the waste volume footpriatijjftkis
perpendicular to the direction of flow. Relatively little dispersion i:&s wed in the
model and the area over which the groundwater and the contaminaftplume intersect is
essentially the same as that of the area underneath the waste volume. The orientation of
the areal footprint of the waste volume relative to groundwater flow remains constant.
Thus, as the linear dimension of the footprint perpendicular to flow decreases or
increases, the volume of mixing groundwater increases or decreases.
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2.2.2 Liquid Effluents Program Support

Under the Hanford Site State Waste Discharge Permit Program, the site discharges treated
cooling and wastewater to the soil column at several locations in accordance with the
Washington State Administrative Code (WAC) 173-216 and DOE Order 5400.5.
Individual discharges permits include the following sites:

SST-4500, 20..Anrma ETF managed by WMH-PHMC
* ST 4501, FFn. Secendary Cooling Tower Water managed by WHC-PHMC
* ST 4502, 200 Area Treated Effluent Disposal Facility managed by WMH-PHMC
* ST 4SW3, 183-N Backwash Discharge Pond managed by BHI-ERC
* ST 4507 100-N Sew0ge Lagoon managed by Dyncor-PHMC
* ST 4~~l5MydrotetMaintenance, and Construction Discharges. This is a site-wide

permit managey oth Bij-R.C and contractor personnel from the PHMC.... ..........

Of these facilities, the only &iity that haused groundwater modeling is the 200 Area
ETF. A summary of this reft modelingspport is provided in the following section.

2.2.2.1 200 Area Efflumnt Treatmqp~feity

In 1997, groundwater modeling wt performed to support ongoing permitting
requirements for the ETF dispdMsfite located just nriWt of the 200 West Area (Barnett et
al. 1997). The ETF, also known tias the State:-ApprovULand Disposal Site (SALDS),
receives treated effluent containifrg tritiung kiMI i afd to infiltrate through the soil
column to the water table. The facihtypxio g pernst/promulgated by WAC 173-216
(Ecology 1986), requires groundwater-ti 7n fqtfuium, reporng of monitoring
results, and periodic review of the monitonng Rq*sd r.

The ETF began operations in November 1995 andfffium was fua *tnil" d in groundwater
monitoring well around the facility in July 1996, T.e SALDS und .... rmotoring
plan requires a reevaluation of the monitoring wellfnetwork vision f die predictive
groundwater used in the original permit one year after fir tec ij ;0f tritium i5.n
groundwater.

The three-dimensional site-wide groundwater model based on the CFEST-96 codl dupta
1997), developed for use in the Hanford Groundwater Project by PNNL, was used to
support this reevaluation of groundwater monitoring and facility performan T e site-
wide model was used to simulate transient flow for the Hanford Site ove tie xt 100 to
200 years. These predicted flow conditions were used to provide bopsd5 :onditions for
a highly refined and detailed three-dimensional sub-model of the unco'i-'ed aquifer in the
immediate vicinity of the SALDS.

A comparison of results from a number of numerical models applied to ETF in the past
indicated that earlier predictions of facility performance which showed tritium migration
from the SALDS reaching the Columbia River, were too simplified or overly conservative
in their assumptions of source term release. The most recent modeling showed that, when
reasonable projections of flow and tritium discharges at SALDS are used, concentrations of
tritium above 500 pCi/ migrate no further than 1.5 km from the facility.
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2.2.3 Solid Waste Environmental Impact Statement

DOE has announced its intent to prepare an environmental impact statement (EIS) for the
Solid Waste Program at the Hanford Site. The Hanford Site Solid Waste Program manages
several types of solid wastes at the Hanford Site, including low-level, mixed low-level,
transuranic and mixed transuranic, and hazardous wastes, and contaminated equipment.
Mixed wastes contain radioactive and hazardous components. Other solid waste types (i.e.,
municipal solid wyste, high-level waste, remediation waste) and spent nuclear fuel are
managed by otit -TWprd Site programs.

The Hanfprd Ske Sol'Aid (dioactive and Hazardous) Waste Program EIS will evaluate the
poter[ iWironmental unpacts associated with ongoing activities of the Hanford Site Solid
Wasti Ptogram, the impkeientation of programmatic decisions resulting from the Final
Wasto Maagement Prqgranimatic Environmental Impact Statement (WM PEIS, DOE/EIS-
0200-F), anireasonabl.f eseeable treatment, storage, and disposal facilities/activities.
The EIS wil Ajijj .. ternatives 1 mianagement of the program's radioactive and
hazardous wastes.iuding wagigencrated at the Hanford Site or received from offsite
generators, during the sanw210& peiddevaluated by the WM PEIS. This EIS will
comprehensively analyz 0Ijg#is .of the prtposed action and reasonable alternatives,
including potential cum ive .mpcts o.4.tjer relevant past, present, and reasonably
foreseeable activities* . .

2.3 Tank Waste Remedialtt System

The following is a review of project ...a..i.k ie .v d groundwater modeling to
support major objectives for the Ta WtERmedi ystem Program These
summaries reflect information providd y chnii2 roject managers and contractor
personnel from Jacobs Engineering Group, In:EiJ and Lockheed-Martin Hanford
Company (LMHC). The modeling actviies sun lefl.ed include lmst.associated with the
following key TWRS projects:

* TWRS Environmental Impact Statement
* Hanford Tank Initiative
* Performance Assessment of the Hanford Low Activity Waste Disposal Facilhy ii.

2.3.1 TWRS Environmental Impact Statement

this environmental impact statement addresses actions proposed by D I t: manage and
dispose of radioactive, hazardous, and mixed waste within the Tank W ie Remediation
System program at the site (DOE 1996b). The waste includes more that 177 million curies
in about 212 million liters of waste stored or to be stored in underground tanks in the 200
Area plateau. This EIS also addresses DOE's plans to manage and dispose of 1930
capsules containing 68 million curies of cesium and strontium.

As part of this EIS, environmental consequence analyses were performed to evaluate the
impacts of a number of tank waste management alternatives including continued
management alternatives with no retrieval, minimal retrieval alternatives, partial retrieval
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alternatives, and extensive retrieval alternatives. The groundwater part of the consequci..
analysis evaluated contaminant transport through the saturated unconfined aquifer using the
aquifer model based on the VAM2D code (Huyakorn et al. 1991) at each of the eight tank
source areas and the LAW disposal facility.

A conceptual model was developed for the unconfined aquifer that included Hanford Site
stratigraphy, the upper and lower aquifer boundaries, and a table of material units and
corresponding flow and transport parameters. The conceptual model was used to guide the
setup of the numerical model. A grid spacing of 250 m (820 ft) was established for the
Hanford Site andd*Merlain onto a site map containing physical features and the source area
boundaries. N.oiji'ifnbers of model boundaries (e.g., basalt outcrop and sub-crop areas,
river nodes.,E{wkMNv4ini!ffluent discharge points, the eight tank source areas, and the
LAW dispiiguiity) e determined to allow numerical representation of these features
for the j.;ing effort

The phase of the m... ing effort entailed establishing the steady-state flow field that
was coiis gEnt with prdts site-wide groundwater flow simulations (Wurstner and
Devary I Z)JLiwigsccomp i.4 by adopting, as closely as possible, the hydraulic
parameters froM:j4 vious ef .is was necessary to generate the velocity field for
subsequent contaminant tranpsp*:iifntWigns. The steady-state results with the VAM2D
model clearly matched rgs.iviously rported. This effort made use of EarthVision
and ARC/INFO softwan.gk-43 ils to tisiate parameter distributions used for the
CFEST version of thiiwj vdeiid.l ailttormats suitable for use by VAM2D.

The steady-state flow field, whichu tne of the principal bases for the groundwater impacts
assessment, was developed usjig'e cember 1979 site-wide water level measurements
because it was determined (WWiRit r and Devary 199 $jiip this data set was most
representative of steady-state c .iditions. .U .l.a .tist also meant that the mounding
from U Pond and B Pond would bepiy i'he moujf was recognized as a present-
day condition that may dissipate oveMjIsh..&4 everal jljdes with changes in the site
waste management practices. It is conservatis. V iij-verall groundwater concentration
and risk perspective to determine groundwater iwnpmffvith the mouxkis in place because
the vadose zone would be thinner in the 200 Weatand 200 East .iAj=WW contaminant
travel times would be faster to the groundwater-Mi ting in b ij4moinhffmations in
groundwater and higher risk. The travel time in!. vunconfjpie au ifer tatfr.Columbia
River would not be materially affected by the gro indwagioiddynapompsy-si to the
vadose zone travel time. The approach based on the .Nikaber 19P!..ter levpj da
provides conservative, comparable results for each alternastive, espei&jily in ligh .. he
uncertainties of waste disposal practices and how they would affect the present
groundwater mounds, future land use such as irrigation to the west of the site aaNi~ilst
site, uncertainty in the depth of contamination in the unconfined aquifer, anda nate
change.

Once the initial flow modeling was completed, input files were develdiii!lo perform
transient transport modeling from each source area for each of the altetiiatives. The results
of the vadose zone modeling were used to develop input records for the groundwater
model. Consequently, each groundwater simulation calculated contaminant levels in the
unconfined aquifer resulting from a single source area. These were later combined during
post-processing to represent contaminant levels from all source areas.

The approach of performing separate contaminant transport simulations for each source
area and each Kd group and later combining the results during post-processing allowed one
model simulation to represent all contaminants with similar mobility from one source area.
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2.3.2 Hanford Tank Initiative - AX Tank Farm Retrieval Performance
Evaluation Criteria Assessment

A screening level sensitivity analysis using the MEPAS code was carried out with the stated
purposes of identifying and ranking transport parameters and evaluating the importance of
transport processes in the vadose zone (JEGI, 1997). The screening analysis was intended
to help focus development of more detailed two- and three-dimensional models and to help
define the data needed to reduce uncertainties in the risk assessment process.

MEPAS was chos&ibecause it is a screening code (i.e., it uses relatively simple models for
flow and trans:Iniithus is relatively undemanding computationally, and it can provide
conservativi.kilici5:ihas a built-in sensitivity and uncertainty analysis capability. Other
advantageIinclu et.view by a number of government agencies and other groups,
wide a i....t.on, an int ed risk analysis using accepted procedures, a coupled database
of che mich and radionu lkle properties, and a user-friendly interface.

The stru . ...of the M..S code rlquired a steady-state flow analysis with one-
dimensionMIfl i nsatatrio Ine. Based on detailed geologic studies, a simplified,
nine-layer va M'i.ife mode w .sdiimucted for the AX tank farm. Soil parameters were
based on data from a numbe-i.SYf t ktioiksilk and near the 200 East and West areas (Khaleel
and Freeman, 1995). DismdiIis of paiIers used in a probabilistic sensitivity analysis
were obtained from tbe:s dgi §everal*anarios were evaluated with the numerical
model: the influence* 10iffisportfi diiki orption near the tank release, the influence of
preferential transport via the annula.'i edh boreholes or via clastic dikes, the effect of
enhanced infiltration around the taita and the effect of unsaturated zone heterogeneity.
The restrictions of the MEPAS4 0 fd.limited the ability.a curately model these transport
mechanisms.

Detailed modeling at the AX Tank Fm a carrie tusing the PORFLOW code for
both the unsaturated and saturated z04.(al c.. I unication, Phil Rogers, JEGI).
The purpose of the detailed modeling is to evl :iliktmative remediption and closure
options at the AX tank farm. The saturated zoneiii.It1 is a two-dinaIiional site-wide
model involving both groundwater flow and con.i.i...ant transpim.... nk as the
endpoint. Parameters and boundary conditions qf;etfi numeri '!iTIel:fl:a&"i:sed on the
parameters of the three-dimensional site-wide 5i%'l of thIid Grodit ater Project.
A two-dimensional model was used in part to reduce tha2disg jujlM~ai reqiiewennts of the
analysis. PORFLOW was selected because it is on th if'i:6f appr8ivi.odes filkI
Hanford Site and it was already being used by membesof the proje5tieam. ThI'idT"
dimensional model results will be compared to the three-dimensional Hanford Gr4ii* ater
Project model results as a validation exercise. A preliminary draft report for DO4ii.
scheduled for completion in April 1998; a public draft is due in June 1998..,.

2.3.3 Hanford Low-Activity Waste Disposal Facility Pert pj nce
Assessment

The Hanford low-activity waste disposal facility performance assessment provides an
analysis of the long-term environmental and health impacts of the on-site disposal of
Hanford low activity wastes (LAW). DOE/RL is currently proceeding with plans to
permanently dispose of radioactive and mixed wastes that have accumulated over the last 50
years in single- and double-shell tanks in the 200 Areas of the site. Based on the Hanford
Federal Facility Agreement and Consent Order (also known as the Tri-Party Agreement or
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TPA), waste currently stored in single- and double-shell tanks will be retrieved and
pretreated to separate the low activity liquid fraction from the high-level and transuranic
wastes. The LAW fraction will then be vitrified and disposed of on-site in a near-surface
disposal facility located in 200 East Area.

DOE Order 5820.2A (DOE 1988), which is the primary regulation governing the
management and disposal of radioactive wastes at DOE facilities, requires the preparation
of an assessment of the long-term environmental and health impacts of the proposed
disposal facility for DOE approval.

To date, an in*.i.0 .W performance assessment (ILAW PA) has been prepared to
provide as ePRif. ii le an assessment of the effects of the disposals using available
site-specifitji rmatii7agThe initial draft of the ILAW PA was completed in FY 1996 and
is curre ifisider revieW.::Final publication of the ILAW PA is planned for FY 1998. The
dataid information use ip the calculations of the RAW PA are summarized in Mann
(1995). :The data and intc fation documented include the disposal site locations, geology,
waste ifimw ory, estim*wsiof recharge, disposal package and facility design, release rates
from glassmflt0 & hydrologwa rameters, geochemical parameters, and dosimetry.
The data pac~io:iMid describep fi~tids and technical approaches used to generate the
values described. .m.

Most of the data usede PA is denved from information obtained in other on-site
programs. The progyrEim endhsIxpiep final LAW PA of the disposal facilities based
on the more site-specific, waste-f at k*ific, and facility-specific data that are planned to
be generated over the next two tjiifte years.

The proposed location for the? TWS LAW disppu5.i iilex includes two sites. The
principal site, which is located fidhe soutbro.hM. 4it 200 East Area identified in Mann
(1995) between the PUREX plant an4 fiiit, t i4!store the bulk of the LAW
generated as wastes are retrieved frio 11 apdiiuble-shell tanks for vitrification
by private vendors. Another site, which is lovaid dihi. previously constructed grout
disposal facility just east of the 200 East area, wW!be itiodified to rpaivYe initial quantities
of vitrified wastes from private vendors while the pincipal wasw ma-ki.& facility is being
developed and constructed.

The ILAW PA analysis is currently being revised to priidiBe g-term eivronmental
impact information needed by the Department to issucijaste Di:ig"bl Authadtd on
Statement which would allow the Richland Operations Office to prcdid with j jjj
interim steps of storage and eventual disposal including

" modification of four existing concrete disposal vaults at the grout site ipfrE ...
provide access for the immobilized low-activity waste containers

* placement of the LAW containers and filler material in the modific:.i.ts with the
intent of future disposal in the grout facility

* construction of the first set of next-generation disposal facilities at the principle LAW
waste site

* emplacement of LAW containers into these next generation disposal facilities.

The transport analysis of contaminants from the disposal facility considered the key
physical and chemical processes causing release from the glass waste form and subsequent
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vertical and lateral transport through the vadose zone to the underlying groundwater. Once
in the groundwater, environmental and health impacts were evaluated 100 m down-gradient
of the facility and at the Columbia River. Groundwater impacts down-gradient of the site
considered the dilution of contaminated vadose zone water in groundwater and additional
dilution created by a pumping well assumed for the family farm scenario.

The LAW PA used the PORFLOW code to model both moisture flow and contaminant
transport in the vadose zone and groundwater. Seven codes were investigated in detail,
while an additional nine codes were considered based on earlier reviews. Although several
codes had many 4A1he required and desired features, the PORFLOW code was the only
code considerEad iliave all required and desired features. A major consideration was the
use of PORFLOWii ft Grout Facility Performance Assessment (Kincaid et al. 1995).

Flow at24.ansport in the Vadose zone from the LAW disposal facility was represented
nunw i aly in a two-dimiesional axial-symmetric cross-section extending from the
disposAitfacility through.th Hanford and Ringold formations in the vadose zone to the
water tb.e. Releases clpilated at the water table were then input to a two dimensional
version offt siiew*d oundwatmodel based on the PORFLOW code. Development
of parameter eiimmtes for the s..-.i..model was based on the hydraulic properties used
in the site-wide model develop . y Bb based on the VAM3DCG code.
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3.0 Summary of Needs and Requirements

This section of the report provides a summary of recommended needs and requirements
identified for consolidation of site-wide groundwater modeling in this initial assessment.
These recommendations were developed based on a review of the objectives and attributes
of implementations of groundwater models for ongoing and planned projects within the
Environmental Restoration, Waste Management, and Tank Waste Remediation System
programs briefly described in Section 2. Comparative summaries of the status, objectives,
drivers and modgl.g.attributes of all the modeling activities described are provided in a
series of tableg QIA. 1, A.2, A.3, and A.4) in the Appendix of this report. The
developmewflited9d requirements also made use of concepts and principles
developqaikfieviousv4bk on code selection criteria developed by Westinghouse Hanford
Compan i(WHC) (DOEML, 1991) in support of the ER program and FDNW in support of
the TWRS Program.

The reconm:endedn . ....nd requirements for the consensus site-wide groundwater model
are divided sitir subsections thad.ip.uss the following areas:

SModeling Objectives
* Conceptual Mode] snJ Databsee Needs d Requirements
* Computer Code Requiremens

.Other Needs and Requiremen teted to long-term maintenance and care of the
consolidated site wide mod i..d processes needed to foster consistency in modeling
applications.

..... ............. ....
3.1 Modeling Objectives

In defining the needs and requirements of a conidattd site-wide.gwundwater model, the
objectives of the modeling study must be considWred- At the HanfwdSke groundwater
modeling applications have been carried out to saiddy a numbcrt(objmflsvts These
objectives, which also apply to future modeling apphcation, mcude the f.lo.wing:

* preliminary screening of sites for locating waste disp.sal facilites

* site performance assessments of proposed waste disposal facilities
* assessment of environmental impacts involving the prediction of contaminrtirnspo

and dose modeling for
* site-wide assessments (Composite Analysis, Columbia Rive_.C-,.prehensive

Impact Assessment)
* local-scale assessments.

* design and evaluation of groundwater remediation strategies including natural
attenuation, hydraulic control/containment and, contaminant removal/cleanup

* design and evaluation of site monitoring networks to predict:
* fate and transport of existing and emerging contaminant plumes
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" transient hydraulic behavior of the water table and unconfined aquifer system in
response to changing waste management practices, environmental restoration
alternatives or waste facilities end states

" performance of groundwater remediation alternatives, and

* risk assessments

Although these modeling objectives result in different, and sometimes opposing,
requirements for the models, there are a substantial number of shared needs and
requirements.

3.2 Con and Database Needs and Requirements

Theimary commonality smong groundwater modeling efforts at the Hanford Site is the
collt kilof data on whidatihe conceptual and numerical models are based. These data
consist f.geplogic an.4-bdologic measurements that have been collected on regional and
local scaleso .i.iji.:Miious ac .ties at the Hanford Site. The Hanford Environmental
Information SyMmR(HEIS), h ifd#f4d Geographic Information System (HGIS), and the
Well Documentation System (ELDG'CS) are the primary repositories of data gathered
during groundwater and iwiNguental nigitoring at the Hanford Site. These data cannot
often be used directlyjir:iJtw sidi.M a gro4iW*lwater flow and transport model, however,
without a significant itfiont of 'aii. 4htinterpretation. For example, well logs undergo
a geologic interpretation to identiftyh&i~iitigraphy of the aquifer. This interpretation is
then used to produce such inforMiinfp as a map of the top of the basalt, or a map of the
location of the contact betweetiiRanford and Ringo . formations. Such maps can be
used to develop parameter diitjktions (e.g., det ihree-dimensional geometry of
significant hydrogeologic units)lbr a numaia. I... i Uare based solely on the data and
do not depend on any particular nunVtfi ... or ca' E. ter code that might be used.

The modeling activities currently under PNNLs5 5roiiiadwater Monitpring Project use a
system designed to separate the specific numernsQl piel parametentflimates , particularly
the grid and assignment of hydraulic properties,. frOmthe interp$. .pbgic and
hydrologic characterization data (Wurstner et al 995). A datkia has bemadeveloped and
maintained in an ARC/INFO GIS that contains tih0 nformaid....essaryvelop
parameter distributions for use in a site-wide model, inc iiijshJic da" (e:g,
geometry of the main hydrogeologic units), hydraulicdijjerty esifitinis, bouiMi .a
conditions, initial conditions, locations and volumes of sources and ffiks, and n*ufl
recharge estimates.

The advantage of such a site-wide modeling database is that the model info&ri s sn is
in a form independent of the computer code used or the assumptions maparticular
modeling study. By storing this information as high resolution, regular1*1ided data
within the ARC/INFO GIS system, it is possible to use the model infdiidif ion at different
scales (e.g., in sub-models) or with different groundwater computer codes. This allows for
use of the numerical representation and computer code that is most appropriate for
simulating the problem being considered. Currently, links have been created between
ARC/INFO and the CFEST code, but creating links to other groundwater flow and
transport codes, as was demonstrated in the VAM2D implementation for the TWRS-EIS, is
possible so that a suite of codes would be available for use at the Hanford Site.
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An additional advantage of the site-wide model parameter database is that it can be based on
a current consensus interpretation of the characterization data and can be updated as new
data become available. The baseline geohydrologic condition is well established for the
unconfined aquifer (Hartman and Dresel 1996, Wurstner et al 1995; Law et al. 1996, and
Connelly et al. 1992a and b,). However, because data continue to be gathered and because
newly gathered data do not always fit the existing conceptual model, a continuous effort is
required to continually evaluate the data and refine the geologic and hydrogeologic
conceptual models. As active and planned disposals and remediation sites are
characterized, our knowledge grows regarding the vadose zone beneath these sites.
Sediment or contaninant profiles (or both) beneath several sites have been studied in recent
years and grea4I!!arnded our knowledge of the vadose zone. Studies conducted for the
proposed g ... hp.iJfacility and the 200-BP- I crib site, and the ongoing study of
recharge? ri ii ilhydiWkic properties at the proposed disposal site for low-activity waste
from tan iMtes are exais6gles. Because an up-to-date site-wide modeling database would
be dtMbtil for all modefiiii studies at the Hanford Site, this approach will minimize
incotwisgencies in mode Plications.

A site-wi&deicelpr ter datadrneshould be based primarily on data contained in
available sit.4id&idttbase systmmgbikaddition to HEIS, they would include a number of
user-tailored database systenhtiiil*-are arate from, but coordinated with, HEIS. These
systems include the HGL ti4t!osciencics;Data Analysis Toolkit (GeoDAT), and
WELLDOCS databases T!!..siii. m&matiog :ibtained in these databases can be processed
using available GIS solvdiue suchi psARCIUFO and EarthVision to develop parameter
distributions for model applicationsil; ...... ous other smaller database systems also exist.
Portions of these databases may be applicable to a site-wide modeling database.
Redundancies should be mininaiklzad databases contipied as appropriate.

In a sense, the site-wide modelkrameteraii iiNfNiInpresent the most complete and
complex conceptual model in use atatikdiiiiwd:te.fliiuse of the multiple modeling
objectives in use at the Hanford Sitel(kiljisffi:ho ve),Ji iever, it is likely that more than
one conceptual model may be appropriite. Cigii conceptual model of the
unconfined aquifer at Hanford developed by th .!i.iliance prograMilat PNNL includes
ten layers representing the Hanford formation, Riiid formatiQmu4!ij6iOerlying basalt
(Wurstner et al 1995, Thorne et al 1993, Thorn eiaChamnesiil flEN.io conceptual
model developed by BHI and WHC in support 0f(RCRA adVRCLA'is 'at Hanford
includes three layers representing the Hanford foriatifti isijljk forMnlonand
includes an impermeable lower boundary, the basalt. Il4&ncepttd knodel usdihisupport
of the Hanford Tank Initiative represents the unconfine aquifer as i: i:Iigle layer hin.
assumptions embodied in these conceptual models and the methods used to deve[, 22l..
parameter distributions for the associated numerical models are different. DocumcatN,!r
should be maintained that demonstrates the consistency of all groundwater Q
models in use at the Hanford Site.

To summarize, the major needs and requirements for a consolidated 4 i4d:e: groundwater
modeling program with respect to the conceptual model are as follows:;

* A common site-wide database based on a GIS, containing all the information necessary
to develop parameter distributions for use in a model should be used in all modeling
applications.

* This model parameter database should be based on a consensus interpretation of the
available data.
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* The database and data interpretations should be updated as new data, on both the local
and regional scale, become available.

* Any conceptual models that make additional simplifications to the site-wide modeling
database should include adequate documentation to demonstrate consistency. Such
documentation may include a list of assumptions made, their justification, and
comparisons with simulation results based on the most complete and complex
conceptual model.

3.3 C COd Needs and Requirements

The priular objective fthe modeling study and the associated conceptual model needed
to achieve these objectieiwill determine the needs and requirements of the computer
code(s) used. Since it iPossible, however, that a single code will be adopted in the future
for all site;widvcgnixiwater modekpig, the needs and requirements in this section were
developed fdr thei .. itcomplekWsidtPwal model and difficult modeling objectives likely
to be needed at the Hanford .iN f:rsh-Wide modeling.

3.3.1 Technical R'ejIJ.....r nts

3.3.1.1. Fluid Flow

In general, the selected code shoaid be capable of simulating two- and three-dimensional
saturated confined and unconffif& flow of consta0t6jidty. groundwater in an isothermal
setting for either steady state of ransient:fl.. ... ondigons However, for certain
modeling applications such as the siadi ii-ofremejianon options for the carbon
tetrachioride plume in the 200 areas o:::i:ewa:'tion dflnovative in-situ treatment
technologies such as in-situ REDOX treatmeni ixtodoiogies, capabilities to simulate the
effects of variable density would be desirable

3.3.1.2 Hydrologic Properties ........

The code should be capable of accommodating the threc diwtnsioaaq geometry of the
important hydrogeologic units and the three-dimensicijlspatial Var;tion of hydnauic
parameters (hydraulic conductivity, transmissivity, spe-ific storage, 1torage co lcent,
etc.) in important geohydrologic features. The code should allow anisotropic hydMujic
conductivity values.

3.3.1.3. Unconfined and Confined Aquifer Conditions

The selected code should be capable of simulating flow and contamirimitransport in
unconfined and confined aquifer systems.

3.3.1.4 Spatial Scale of Analysis

The selected code should be capable of simulating flow conditions at the scale of the entire
Hanford Site and have robust sub-modeling capability to facilitate the systematic transfer of
attributes of the site-wide flow and contaminant transport model to local-scale models as
appropriate.
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3.3.1.5 Temooral Scale of Analysis

The selected code should have the capability to effectively simulate flow on a variety of
time-scales ranging from a few years to 10,000 years at both the scale of the entire Hanford
Site and at the local scale.

3.3.1.6 Contaminant Transport

The selected codedthould be capable of simulating contaminant fluxes in two- and three-
dimensions as ai 7un n of the various driving hydrologic processes and mass transport
phenomena,.ikchidifl5 mvection. hydrodynamic dispersion, molecular diffusion, and
adsorption.

3.3 .1. Geochemical .de.

The code ghould be abj*fl tepresent geochemical retardation using a linear equilibrium
adsorption iodel wl 'ithe distribntion coefficient depends only on the contaminant and
on spatial positd0T.

..............3.3.1.8 Radioactive Deraiii

The selected code shufdkbe ablein hratihe tffects of radioactive decay. Another desirable
but not required feature would in6ikidca bilities to analyze the effects of complex decay
chains (for example, the decay of: .. nium).

3.3.1.9 CoupninQ of Flow:q P5 Contaminant:: T isport

The selected code should contain suffinfid yapanfiesfbr site analysts to efficiently
simulate flow conditions only, contambitg#.sport bDbd on previously simulated flow
conditions, or combined flow and contamian tanspr

3.3.1.10 Particle Tracking Capabilities

The selected code should contain sufficient capaihties for Aiii :%iysts tJ"tkiently
perform streamline (for steady-state conditions) and patl e .... ransie nditions)
analyses in two- and three-dimensions.

3.3.1.11 Boundary Conditions

The selected code should be capable of incorporating time-dependent and spat"lly varying
boundary conditions. The code should be capable of simulating homogeneogs and non-:'
homogeneous Dirichlet (constant head/concentration) and Neuman (coastki .hux)
boundary conditions. The selected code should also have a prescribed.'pjrnach for
incorporation of time- and space-dependent sources and sinks of water Wid contaminant.

3.3.2 Administrative Requirements

3.3.2.1 User Interface Issues

Pre- and Post-processing Software. The code should interface with some form of pre- and
post-processing modules that allow the user to readily set up problems and to understand

35



results. Graphical interfaces are preferred to text interfaces. Such pre- and post-prouessing
modules could be an integral part of the code. In particular, the capability to graphically
display the numerical grid discretization along with zone identifiers, contaminant and water
fluxes across selected boundaries and/or regions. in the modeling domain, and contours,
spatial cross sections, and time histories of contaminant concentrations is highly desired.
The pre- and post-processing systems can be commercial or public domain products not
developed by those responsible for the computer code.

Coupling with Geographic Information System. The code should have the capability to
receive and produCcinputs or outputs to facilitate its use with the available site GIS's.
Linkage to sitc:ThN§and the site-wide model parameter database(s) would allow for the
efficient spe . ei tijghydraulic properties, boundary and initial conditions, and sources
and sink&.

33, 2 Model Reliabiity Issues

The seleytod code shoixidiltive evidence of reliability including adequate documentation,
verificatidi agasns .......f test p el1ms relevant to Hanford groundwater conditions, and
a body of mbdsipitations tttPffienmonstrate its technical, regulatory, and public
acceptance. Following is ab tscfl'n of each of these areas.

Code Documentation.Drwiemtmeon should be readily available and cover the theory,
governing equationssstii.ptii ....... nethods, and user's guide. The code
documentation providds a referen .....se who want to evaluate the numerical model as
well as a reference for the actual d lopment and application of a numerical model for a
particular problem. The user's;li84&should include a dkscription of the input required,
including the implementatiorfiiMT execution opgs .dpy formatting requirements. A
description of the output optioinsi:hould ase~Miiii'the user's guide. If graphical
user interfaces to assist in the developm:. tiiput fil0!nd the display of output files are
distributed with the code, these shLJ41Nri mentii Wthe user's guide. Even though
graphical user interfaces may be available, tfieSa& i used to contain the input and output
should be described, including formatting and tfUlmeiion of paramedrs.

Code Verification. Evidence of verification shoi illiclude copio fe code results
for a variety of known or accepted solutions. tlNterificati$jiiv.ides eidi e that the
solution methods used in the code are correctly iipleMetii'di i f(wuld aIr' emonstrate
the effect of the assumptions and potential errors aristiifrm mions of t i e.

Body of Model Applications. The selected code should be well regarded among r
and regulatory community. In particular, the code should be acceptable to thQ ...
Environmental Protection Agency and the Washington State Department of E gy fo
environmental assessments at the Hanford Site. The code should have bsd......d in
simulations of the Hanford Site unconfined aquifer with the results pulOljoh in externally
reviewed documents.

3.3.2.3. Availability and Cost

The executable code should be available to the public at a reasonable cost for the purposes
of repeating calculations and confirming results.
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3.3.2.4 Accessibility and Cross Contractor Use

The code must be available for use by all contractors performing Hanford Site groundwater
modeling.

3.3.2.5 Code Availability and Version Control

The version of the code should be a recent version, preferably the last one that has been
fully tested. For codes that are well established, the use of a well-tested version may
outweigh the useotf a newer, but less tested version. The software should be maintained
under a quahity ptkl program that documents modifications.

3 3.2.6 $irntitation Efficiency

The seiceted code shouldihave a variety of computational algorithms and solvers to facilitate
the efficient simulation 0f0a wide variety of flow and contaminant transport problems.

3.3.2.7 Porakiht.

The selected code should be capable of erg run on a variety of computational
workstations and platfor:m ing UNIX-based workstations.

3.3.2.8 Proprietar Codes.

Proprietary codes will be considt if they provide an advantage over public domain
codes and only if the author(s)is odian(s) allow inspection and verification of the source
code by DOE and its agents. Tihtse inspections andtff iwrification reviews may be required
to assist DOE and its contractr to rectif y prm encqtitered in application of the code
or in working with the code author(s .. . techIMa approaches for required code
enhancements.

3.3.2.8 Technical Support

The selected code should be sufficiently well dtimented audvem-suiprted by the code
developer to allow rectification of technical difficidties thataiF'. ts ap$Ikntmion to
Hanford specific applications.

3.3 Other Needs and Requirements

One of the major needs identified in the initial assessment is for a process to fostr gnettx
consistency in applications of groundwater models by various on-site progmmi:tBecasg:
of the current organizational framework of the Hanford Site around majgtpggrams and the
partitioning of technical work and responsibility among the various sitI-iitriactors,
groundwater modeling being conducted to support individual projecs Irrograms has
yielded results that were inconsistent with those generated by modeling groups in other
programs. The identified inconsistencies in results, in most cases, have found their root
causes from differences in

* the modeling objectives
* the definition of the conceptual model arising from differences in the sources and

interpretations of data and the assumptions made
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* the definition of the model boundary conditions
* the development of parameter distributions used in the numerical model, including

the method of calibration
* the computer code(s) used (e.g., two versus three dimensions)
* the numerical model discretization, typically chosen to balance accuracy and the

amount of time/money available
* interpretation of numerical model results, including estimates of uncertainty and

accuracy of.results, (e.g., two results may be different, but are not distinguishable
from eac fitcr given the precision of the results).

Minimizin gjSis!0.s in model results may best be achieved by standardizing a
concept uijdel arodnjd A site-wide modeling database as discussed above. In addition,
some : P.- hould be mi toward ensuring consistent development of parameter estimates
for aMfijiels. Equally inispptant should be a requirement to estimate the uncertainty in
model tsu-lts and the ddo6pment of standard procedures to do so. The site may consider
developtixaf apr i Ofor reviewof key groundwater modeling assessments similar to
what is curiJ idone fr eironmental dose calculations. Currently, the site
has in place th8Hiiiford Envit*i. mi[Dose Overview Panel (HEDOP). The panel is
composed of representativepti r ".he viimims contractors conducting environmental dose
assessments on the site.a T ij ent chakita'is to provide site wide review service,
consistency checks, aki:da .ffkstuwjdidIand assessments that make use of
environmental dose cakulations A similar panel could provide this type of review for
groundwater modeling activities.

Another need identified in this!ss sIment is the needfi*die site to make a commitment to
support the long-term maintena and care of the di"model. This commitment
would include a development and imp meiiwwif..l. -for

* maintaining the selected computer code(s Nii4:i useiated conceptual model and
numerical model parameter databases in appmpd configuratiqkncontrol

* maintaining a detailed administrative record of changes to

" conceptual model interpretations and reaIted mod1 . r... ete dtabases
* development of new parameter estimates for.i qtifiimrial mode aTs re-

calibration is done in response to new inforaion o §U1 g o gy, hydr lic
testing, or water level measurements

* selected codes and related software as new capabilities are incorporatdrj
updated versions of the codes are acquired

* testing and evaluation of the numerical model in response to code modifieiia4ns or ::

updates to the numerical model parameter estimates
* identification and implementation of model capabilities based on imi4ved:

* transport theory (e.g., chemical reactive transport)
* computational and numerical methods
* computational equipment
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http://w w whg1.com/vam2d htm
http://w w whgl com/vam3d htm
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APPENDIX

ATTRIBUTES OF MODELING ASSESSMENTS PERFORMED IN
ENVIRONMENTAL RESTORATION. WASTE MANAGEMENT. AND TANK WAST

REIMEDIATION SYSTEM PROGRAMS

This appendix c....;Ms comparative summaries of the status, objectives, drivers and
modeling artrr siw !OFMl the modeling activities described in Section 2 of this report. The
informationi& *ummnjuj; in a series of tables (Table A. 1, A.2, A.3, and A.4) and is
based oo a 4c&sw of theitjectives and attributes of implementations of groundwater
models W&* vngomg and plnned projects provided to project staff by DOE/RL and
contnacter representativesi ofthe Environmental- Restoration, Waste Management, and Tank
Waste 1Rmecdiadon SystwmPrograms. These summaries were also developed in part from
informantit Fthered during consultations with U. S. Environmental Protection Agency,
the Washingtoh $tate rParm fiiology, the Nez Pierce Indian Nation, the Yakama
Indian Nation; kAd the ER subcilmitik :of the Hanford Advisory Board.

.. . .. A ..



Table A.I. Model Attributes of Key Projects in the Environmental Restoration Program

100-N Area Interim Remedial Focused Feasibility
Modeling Action Design Analyses .. Studies

Bank 100-H . 100-Il 100-D
Model Attributes LWDF's Storage N Springs Area 100-D Area o00-UP-1 2V4P- Area Area

Current Status
Work Completed

No future work needed
Future Revisions Needed x x x x .. ... . x

Work Initiated
Work Planned and In Baseline ..... - .
Work Planned and not in Baseline

Drivers
CERCLA x x ix ix x x x

RCRA Compliance
NEPA
DOE Orders ...... _..

Facility Permitting .... .....
Emergency Response
Public Interest

Purpose or Objective of Analysis - .
Disposal Site Screening Analysis
Site Performance Assessment
Design and Evaluation of Remediation xt x x  x x x x x x
Strategy ......
Assessment of Environmental btiI6l au.s ..........
Evaluation of Monitoring NetworKWid:::::..
Design
Risk Assessment

n/a not applicable; VZ vadose zone; GW groundwater A.3



Table A.1. Model Attributes of Key Projects in the Environmental Restoration Program

100-N Area Interim Remedial Focused Feasibility
Modeling Action Design Analyses Studies

Bank 100-11 IEii:. 1 100-11 100-D

Model Attributes LWDF's Storage N Springs Area 100-D Area .2.V.UP-1 # .X. P.- Area Area

Scope of Analysis ...... ......
Dimensionality 3-D 2-D 2-1) 2-D 2 :D 3 D 3. 3-I 3-D
Model Orientation Cross-section Areal/ X-sect Areal Area!
Flow Analysis

Vadose Zone Flow Transient Transient
Groundwater Flow Transient Transient Steady-state .TOiient Se .Sa.S Transient Transient Steady-state Steady-state

Transport Analysis
Vadose Zone Transport Transient
Groundwater Transport Transient Trq4ps6 . Transient Transient

Geochemical Capabilities Used/Required
Sorption x - x x
Radioactive Decay w/o chain decay x .
Radioactive Decay wilt Chain Decay .... .... . ..... ...

Scale of Analysis
Spatial Scale Local:: *.. Local M...I .Local Local Local Local Local Local
Time Scale <50 yrs <50 yrs <2009yS <50 yrs <50 yrs <50 yrs <50 yrs <50 yrs <50 yrs

Codes Used
VAM3DCG GIW GW
PORFLOW VZ/GW: OW
STOMP V/GW
MEPAS
CFEST-SC or CFEST-96 DO;;; ...............
MICROFEM GW GW

MODFLOW 0 W GW

MT3D - GW GW

Spreadsheet Analysis
Flowpath G C, W

n/a not applicable; VZ vadose zone; GW groundwater A.4



Table A.1. Model Attributes of Key Projects in the Environmental Restoration Program

100-N Area Interim Remedial Focused Feasibility
Modeling Action Design Analyses Studies

Bank 100-I1 O1-Il 100-D
Model Attributes LWDF's Storage N Springs Area IOO-DArea 1V00P-I OOUZ: Area Area

Boundary Conditions .:
Basalt Outcrops n/a n/a n/a n/a n/a n/a oinI r/a n/a
Cold Creek Valley n/a n/a n/a n/a n/a n/a r/a
Dry Creek Valley n/a n/a n/a n/a n/a n/a
Yakima River n/a a/a n/a n/a ""W n/a n/a n/a n/a
Columbia River n/a n/a

Constant Head Transient Transient Transient SE -1 %I% :muy-slje Steady-stale Steady-stae
Constant Flux

Local-scale Boundaries ii___.___
Constant head Steady-state Steady-state SS& .Ig Steady-stali ed-sii Sleady-state Steady-state Steady-state Steady-state
Constant Flux ..........

Natural Recharge x x x x

Base of Model
5 m below Water Table
I lanford/Ringold Contact x
Top ofl.ower Ringold Mud Unit x x-x X X X
Top of Columbia River Basalts x x

n/a not applicable; VZ vadose zone; GW groundwater A.5



Table A.I. Model Attributes of Key Projects in the Environmental Restoration Program

100-N Area Interim Remedial Focused Feasibility
Modeling Action Design Analyses Studies

flBank 100-H 100-11 100-1)
Model Attributes LWDF's Storage N Springs Area I00-D Area 4 14P-t- A rea Area

Ilydrostratigraphic Units 2 2 2 I 1 2 2 I 2
loanford Formation x x x x x xx

Ringold Formation (as single unit) x x x xx
Combined Ihanford / Ringold Formation
Palouse Soil
Plio-Pliesocene Unit
Upper Ringold (Unit 4)
Middle Ringold (Unit 5)
Middle Ringold (Unit 6)
Middle Ringold (Unit 7) ..............
Lower Ringold (Unit 8)
Basal R ingold (Unit 9)
Columbia River Basall

Contaninants Considrred 1/a
Radionuclides Vlr. _____

Chemicals Cihroniu Chromium

.................

n/a not applicable; VZ vadose zone; GW groundwater A.6



Table A.2. Model Attributes of Key Projects in the Environmental Restoration Program

Hanford Environmental Hanfordi:
Site-Wide Restoration RemNdrin 200 Area

Remnediation Disposal ActionlLand Soil
Model Attributes Strategy Facility kimEIS R 4qidation

Current Status
Work Completed

No future work needed ......_ .._......

Future Revisions Needed x x
Work Initiated x
Work Planned and In Baseline
Work Planned and not in Baseline

Drivers
CERCLA . 2 ,
RCRA Compliance
NEPA x
DOE Orders
Facility Permitting
Emergency Response .. ........ ....
Public Interest ..........

Purpose or Objective of Analysis
Disposal Site Screening Analysis ............
Site Performance Assessment x
Design and Evaluation of Remedimia Strategy , x x x
Assessmen#fEnvironmental ihipiiis x x x
EvaluaiioniW:NgiStboring Network and Dqigri _
Risk Assessrn'iiji;S. x x

n/a not applicable; VZ vadose zone; GW groundwater A.7



Table A.2. Model Attributes of Key Projects in the Environmental Restoration Program

Hanford Environmental Hanford.#i. -

Site-Wide Restoration Remt&Ifl 200 Ares
Remediation Disposal AcliinLantj Soil

Model Attributes Strategy Facility U:ite EIS :t dtion

Scope of Analysis
Dimensionality 3-D i____
Model Orientation Crot iiiM. Atpil :
Flow Analysis 2. .

.. . . . . . . . . . . . . ...... .....- satVadose Zone Flow Steady-slWWW Steady-state x
Groundwater Flow TransientI:I:i i: Steady-0t:i ;:::Steady-state x

Transport Analysis x
Vadose Zone Transport it c Bllady-slafe
Groundwater Transport ..... nI S tIMstate ""I ly-satF x
Geochemical Capabilities Used/Required x

Sorption ._____________x
Radioactive Decay w/o chain decay . x x
Radioactive Decay with Chain Decay:.

Scale of Analysis .. ............ ... ...
Spatial Scale lii i Local Site-wide Locali Site-wide
Time Scale .. <20y <20,000 yrs <I0,000 yrs

Codes Used
VAM3DCG GW
PORFLOW:.
STOMP
MEPAS VZ/GW
CFEST-SC 6CM. -96 GW
MICROFEM '! . .......
MODFLOW
MT3D
Spreadsheet Analysis x
RESRAD VZ/G W

n/a not applicable; VZ vadose zone; GW groundwater A.8



Table A.2. Model Attributes of Key Projects in the Environmental Restoration Program

Hlanford Environmental lanford
Site-Wide Restoration Remedial-, 200 Area

Remedlation Disposal Actionqland Soil
Model Attributes Strategy Facility .UU EIS IlnjIgdIation

Boundary Conditions uNd
Basalt Outcrops n/a ........

No Flow x HH.tHSK.
Rattlesnake Hills Spring Discharge ..........

Cold Creek Valley n/a
Constant Ilead
Constant Flux Slcady-stati:::.." dy-state

Dry Creek Valley .j

Constant Ilead
Constant Flux Ste e -..S.ady-srate

Yakima River __
Constant lead Slid Stady-state
Constant Flux

Columbia River n/a
Constant I lead 2ifidy-staW Steady-stale
Constant Flux

Local-scale Boundaries pJ/ n/a
Natural Recharge x x
Base of Model n/a

3 ni below Water Table
Ilanford/Ringold Contact
Top of Lo : Ringold Mud ujtf:
Top of CIlbN.River Basalts x.......... x

n/a not applicable; VZ vadose zone; GW groundwater A.9



Table A.2. Model Attributes of Key Projects in the Environmental Restoration Program

Hanford Environmental Hanrordutf
Site-Wide Restoration RemcdiLi.** 200 Area

Remediatlion Disposal Actiont:Lai Soil
Model Attributes Strategy Facility ElS g ediati

Ilydrostratigaphic Units 2 . lndodfd
Ilanford formation x
Ringold Formation (as single unit) x x
Combined Hanford and Ringold Formation x
Palouse Soil
Phlo-Pliestocene Unit
Upper Ringold (Unit 4)
Middle Ringold (Unit 3)
Middle Ringold (Unit 6)
Middle Ringold (Unit 7)
Lower Ringold (Unit 8)
Basal Ringold (Unit 9)
Columbia River Basalt

Contaminants Considered
Radionuclides x x x x
Chemicalsx x x x

n/a not applicable; VZ vadose zone; GW groundwater A. 10



Table A.3. Model Attributes of Key Projects in the Environmental Restoration Program

Hanford Groundwater Project

Impacts to CohiiibIl iver
Future Drinking Water Compreti4 cg Canyon

Water-Level Systems and ComposWi Imp Disposition
Model Attributes Assessment Groundwater Use Analyth Assessmenm Iniative

Current Status
Work Completed

No future work needed
Future Revisions Needed x x .

Work Initiated
Work Planned and In Baseline
Work Planned and not in Baseline x

Drivers
CERCLA x
RCRA Compliance x
NEPA
DOE Guidance Composite Analysis

Guidance
DOE Orders
Facility Permitting x x
Eimergency Response
l)NI:5 . . 94-2
Public Interest x

Purpose or Objective of Analysis
Disposal Site Screening Analysis
Site Performance Assessment x
Design and Evaluation of Remediation Strafe..
Assessment of Environmental Impacts x x x x
Evaluation of Monitoring Network and Design: x x
Risk Assessment

n/a not applicable; VZ vadose zone; GW groundwater A.1 I



Table A.3. Model Attributes of Key Projects in the Environmental Restoration Program

Ihanford Groundwater Project

Impacts to Coiuwi River
Future Drinking Water Com ie wmive Canyon

Water-Level Systems and Composite lip.: Disposition
Model Attributes Assessment Groundwater Use Analyi . Assessmint::% Initiative

Scope of Analysis .. .... ps
Dimensionality 2-D 3-D ..-.. .. ?.
Model Orientation Area: A P
Flow Analysis

Vadose Zone Flow ... Tra -----
Groundwater Flow SS & Transient .SS&Tra"in SS&TraqseS x x

Transport Analysis n/a
Vadose Zone Transport Ttlsient Transient x
Groundwater Transport .iiiii_ iTransient *T... sient Transient x
Geochemical Capabilities Used/Required

Sorption x x x x
Radioactive Decay w/o chain decay . ::..x. x x x
Radioactive Decay with Chain Decay x

Scale of Analysis
Spatial Scale ' alhc-wide Site-wide Site-wide Site-wide ?

lime Scale -ff 0:yrs <200 yrs <1000 yrs >I0,000 yrs ?

Codes Used
VAM3DCG
PORFLOW
STOMP VZ
MEPAS
CFEST-SC or CFEST-96 GW GW GW
MICROFEM
MODFILOW
MT3D
Spreadsheet Analysis

n/a not applicable; VZ vadose zone; GW groundwater A.12



Table A.3. Model Attributes of Key Projects in the Environmental Restoration Program

Hanford Groundwater Project

Impacts to Coieti River
Future Drinking Water Compriejfise Canyon

Water-Level Systems and Compo.$Oi lmpks!et :: Disposition
Model Attributes Assessment Groundwater Use Analysi. AssessmenTi: Initiative

Boundary Conditions U..... didta Undecided
Basalt Outcrops

No Flow x x: 1

Rattlesnake Ilills Spring Discharge x .
Cold Creek Valley

Constant lead
Constant Flux t d leSteady-stodysc Steady _ _ _ _

Dry Creek Valley :.............
Constant Ilead
Constant Flux S.%dy-stat ' -dy-stare Steady-state

Yakima River /.:::Wa n/a
Constant Ilead Siiidjili._
Constant Flux

Columbia River ..............
Constant Ilead ii:i!Sieady-state 'mdaiy-state Steady-state
Constant Flux

Local-scale Boundaries t n/a n/a n/a
Natural Recharge x x
Base of Model

5 m below Water Table
Ilanford/Ringold Contact
T'op of Lower Ringold Mud Unit x x

Top of Columbia River Basalts x x x

n/a not applicable; VZ vadose zone; GW groundwater A. 13



Table A.3. Model Attributes of Key Projects in the Environmental Restoration Program

Hanford Groundwater Project

Impacts to . Cflh biJaRiver
Future Drinking Water Comp*&unsive Canyon

Water-Level Systems and Comipbihe InpijDisposition
Model Attributes Assessment Groundwater Use Analyshi. AssessnIit , Initiative

lHydrostratigraphic Units Considered 1 10 . ?.
Hanford Formation x x ......
Ringold Formation (as single unit)......
Combined I lanford and Ringold Formainion x .. ..

Palouse Soil -
Plio-Pliestocene Unit
Upper Ringold (Unit 4 x... .. ......
Middle Rtingold (Unit 5) " x .....

Middle Ringold (Unit 6) x.. x...

Middle Ringold (Unil 7) .. x.x

Lower Rtingold (Unit 8) x x
Basal Ringold (Unit 9) ...... .... :::,:x x
Columbia River Basall x

Contaminants Considered . ....
Radionuclidcs x x x x
Chxicals x x

. ... ... ..........

.................................. .

...................................

n/a not applicable; VZ vadose zone; GW groundwater A. 14



Table A.4. Model Attributes of Key Projects in the Waste Management and Tank Waste Remediation System Programs

Waste Management Tank Waste Remediation System
LLW Burial Grounds TWRS Low Activity

Performance Liquid Effluents Waste Disposal
Assessment Program Facility

200 East 200 East Other Solids TWRS TMdk Interim
Model Attributes Area Area ETF Dischargas Waste EIS. EIS Initlnfrei PA Final PA

Current Status
Work Completed

No future work needed
Future Revisions Neeced x x x x x

Work Initiated x x x
Work Planned and In Baseline x
Work Planned and not in Baseline
PA Maintenance x x x

Drivers
CERCLA
RCRA Compliance - -:__ _ X

NEPA x x x
DOE Orders 532&:A 53202A 5820.2A 59201A
Facility Permitting x x
Emergency Response
Public Interest

Purpose or Objective of AnalyslmH
Disposal Site Screening Analysis x

Site Performance Assessment x X x x
Design and Evaluation of Remediation M , x
Assessment of Environmental impacts ... x x x x x
Evaluation of Monitoring Network and Design - _

Risk Assessment

n/a not applicable; VZ vadose zone; GW groundwater A. 15



Table A.4. Model Attributes of Key Projects in the Waste Management and Tank Waste Remediation System Programs

Waste Management Tank Waste Remediation System
LLW Burial Grounds TWRS Low Activity

Performance Liquid Effluents Waste Disposal
Assessment Program Facility

......au.rd
200 East 200 East Other Solid: . TWRS Tami Interim

Model Attributes Area Area ETF DischarVos Waste Ei . EIS luiistiMve PA Final PA

Scope of Analysis
Dimensionality 2-D 2-D 3-) 9 E 2-D 2-1) 2-D 2-1)
Model Orientation X-section X-section 9 Areal/X-sect Areal/X-sect Areal/X-sect Areal/X-sect
Flow Analysis .......

Vadose Zone Flow Steady-sUit 1Sieady-state Transient SS & Trans. SS & Trans.
GroundwaterFlow Steady-state Steady-state fii.tent p Steary WfiF Steady-state Steady-state SS & Trans. SS & Trans.

Transport Analysis ...... ...... .. ......
Vadose Zone Transport 9 7::sient Transient Transient Transient Transient
Groundwater Transport r5 Transient Transient Transient Transient Transient
Geochemical Capabilities Used/Required

Sorption x x"xx x x x x
Radioactive Decay w/o chain decay x x x x x
Radioactive Decay with Chain Decay ALL x x x x x x

Scale of Analysis
Spatial Scale Local:i 1,pcal Local ? Site-wide Site-wide Loc/ Sile-wd Loc/ Site-wd Loc/ Site-wd
Time Scale <...........<....... yrs <200 yrs ? <0,000yrs <l0,000yrs <10,000yrs >l0,000yrs >l0,000yrs

Codes Used ......

VAM2D/VAM3DJCG V2/G W7 V' M.W VZ/GW G W G W
PORFLOW VZ/GW VZ VZ
STOMP .... VZ
MEPAS VZGW
CFEST-SC or CFEST-96 GW G W
MICROFEM
MODFLOW
MT3D1

n/a not applicable; VZ vadose zone; GW groundwater A .16



Table A.4. Model Attributes of Key Projects in the Waste Management and Tank Waste Remediation System Programs

Waste Management Tank Waste Remediation System
LLW Burial Grounds TWRS Low Activity

Performance Liquid Effluents Waste Disposal
Assessment Program Facility

200 East 200 East Other Solid TWRS Ta t Interim
Model Attributes Area I Area ETF DischargelWaste El EIS Intlift*" PA Final PA

Boundary Conditions U.ndecided
Basalt Outcrops n/a n/a

No Flow x x x x x x
Rattlesnake Ilills Spring Discharge x x x

Cold Creek Valley n/a n/a .......
Constant Ilead -.-
Constant Flux tudy-state Steady-state Steady-state Steady-state Steady-stale

Dry Creek Valley n/a *a/a nih
Constant head -
Constant flux Steady-state Steady-state Steady-state Steady-state Steady-state

Yakima River
Constant I lead iifiii n/a n/a n/a n/a n/a Steady-state Steady-state
Constant Flux

Columbia River n/a n/a I
Constant Ilead Steady-stait :Mnr.state Steady-state Steady-slate Steady-state Steady-state Steady-slate
Constant Flux -..........

Local-scale Boundaries
Constant I lead ... Steady-s.a.. Sici state Steady-state Transient
Constant Flux Transient

Natural Recharge x x x x x X
Base of Model ......

5 m below Water Table M. x
lianford/Ringold Contact x........
Top of Lower Ringold Mud Unit
Top of Columbia River Basalts x x X x x X

n/a not applicable; VZ vadose zone; GW groundwater A. 17



Table A.4. Model Attributes of Key Projects in the Waste Management and Tank Waste Remediation System Programs

Waste Management :Tank Waste Remediatlon System
LLW Burial Grounds TWRS Low Activity

Performance Liquid Effluents Waste Disposal
Assessment Program Facility

I liaq rd
200 East 200 East Other Solid TWRS Tnk Interim

Model Attributes Area Area ETF Discharg$ Waste E:I EIS lniOtaqe PA Final PA

Hydrostratigraphic Units Considered 2 2 9 .Undecided I 2 2 2 2
Hanford Formation x x x " x x x x
Ringold Formation (as single unit) x x I x x x x
Combined Hanford / Ringold Formation .-...
Palouse Soil -

Plio-Plieslocene Unit ..-
Upper Ringold (Unit 4)
Middle Ringold (Unit 5)
Middle Ringold (Unit 6)
Middle Ringold (Unit 7) x::::::::::
Lower Ringold (Unit 8) -

Basal Ringold (Unit 9) '
Columbia River Basalt

Contaminants Considered
Radionuclides x x x x x x x
Chemicals x x x

n/a not applicable; VZ vadose zone; GW groundwater

..............

......... ........... .... ................

......... . .............................................
..... .........
................ ..... ..
..................... .

.. ...... .......
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